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Foreword 

D. M. DALBY, Ph.D. F.L.S. 


GtoLOGV ij a basic scietictj ubing its place with iiiete&r- 
ology in rotising intercat ammij^ sludenls o£ the natiiiral 
scicnceSj especially as it is not included in the average scltooi 
syllabuSr Its basic natuTic is shown by Man and animals being 
uhlniatcly dependent on plantSj and plants in their tnm on 
loils. for theit nounshment and growihr Soils irt tbe product 
of interaction between the rocts and weaibering processes— 
both of which are so important in pliystcaL geography and 
geology. 

A book such as this cannot fail to fascinate and provoke and 
fill any student with the determination to go further into the 
p^t to find the ansvers to so many of the questionB |)t)Scd by 
Life in general and by in parEicular. ITic present book 
traces the history of the Earth from its start as a ball of Eire 
through the gradual appearance and subsequent elaborations 
of life, up to the present piriod of Man's dominatinn (which, 
incidentally, could well lead to the Earth's retuni to a hall 
of fire once more). 

The seiencific study of geology started late, surprisingly 
late, and soon came into conflict with earlier tlicories of 
creation and evolution. As the flood of evidence revealed by 
the study of the rocks has increased in force, so it has become 
necessary to re-orientate our views and to abandon such 
devices as w^ere resorted to by medieval cartographers, wlio 
could only fill up with clusters of monsters splashing round 
the edge of the Unknown, to hide the deficiencies in their 
knowledge. 

Nevertheless, there is still rnuch disagreement (often 
vxhetnently stated) over matters such as continental drift, and 
the precise course of Man's evolution. 
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Efforts hive beeti madt in this book lo present the most 
upto-date theories and discoveriesj but even as I write new 
discDveries are being made, and the story of the Earth is con¬ 
tinually having to be ameiided. The ^fohoTe project will 
reveal fundamental information about the structure of the 
Earth's crust, whilst artilicial satellites and rocket probes 
yield startling facts about the constitution of the upper atmo- 
sphere and even the depths of apace. 

In editing thia book I have tried to apply the latest, and 
most reliable, time scale—that of Professor Holmes (1959)— 
so some of the geological periods may appear to be of tin- 
^miliar length. It is imposaiblc to achieve absolute hnality 
in Latin nameij so the reader must remember that in the 
eyes of one palaeontologist two organisms may appear to be 
the samtj yet another may equally "correctly ” regard them 
as being distinct. Much of the book is concerned with theories 
to explain geological phenomena, and here too one tan never 
expect any one theory to meet with unanimous approval, 

I would strongly advise rcadora of this book to visit the 
display galleries at the British Museum (Natural History) 
and at the Geological Museum, both in London, Certain books 
may also be helpful, f would recomnrend; 


Outiines of Paiaeoriiology, by H. H. Swinnerton (Edward 
Arnold & Co.). 

An Introdaction to the 5 itid^ of Fofiit Plants^ by T. Walton 
(Adam k Charles Black), 

Adam's ATHeUorij by L. S, B. Leakey (Methuen Si Co). 

fossil Amphibians and Reptiles, by W, E. Swinton (British 
Museum, Natural History). 

Fossil Birds, by W. E. Swinton (British Museum^ Natural 
History). 

History of the Primates: An Inirodueiion io the Study of 
Fossil Man, by W. Le Gros Clark (British Museum, 
Natural History). 

Man the Tool-maker, by K. P. Oakley (British Museum. 
Natural History). 

frcftiJtoric Painting: Laseaux, or the Birth of Art, bv C 
Bataille (Skira). 
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CHAPTER ONE 


The Discovery of Earth^s History 


It 13 not usual to describe the subject inaLLer of one of the 
natural sciences as being like a fairy tale or romance; but in 
the C3EC of the scierroe of prehisEory, with which this boot is 
concerned, there is a perpetual temptation to do so. To start 
with, there is something eKtraordinary in the abyss of pre' 
history which has to be plumbed, in the mystery of past 
worlds which hn^c never been seen, worlds with their entubeT' 
ant varieties of plane and animal life, with their weird, 
unfamiliar appearance and endless topographical change^' 
The emergence and growth of life, cnirninatiog in present^ 
day Man, is a romance, fascinating and dramatic, packed with j 
excitement and surprises. 

The roots of practtcaJIy every branch of the natural sciences 
can be traced back to the ancient Greeks. But, astonishingly 
enough, that is not so in this case. Here, neither Aristotle, 
Plato nor Socrates can be cited; at most, Heraclitus's rather 
overworked remark " Everything flows can, in this science 
too, be taken as the ultimate, basic beginning of 
wisdom. 

This is not Intended as any disrespect for sages such as 
Democritus of Abdera, Aristarchus of Samos, Euclid and 
Archimedes, who are all deeply to be revered. The almost 
perfect theory of Democritus—the idea of the atom—unerr¬ 
ingly directed the forward march of the science of atomic 
physics up to the end of the last century, Aristarchus's con¬ 
ception of the heliocentric solar system was a premature work 
of genius markedly reaemhling our present views. Euclid's 
basic plane geometry is, as ever^ of inestimable value to all 
mathematicLans; and the beginnings of experimental physics 
were Laid down by Archimedes. But today certain concepts 
and systems of thought exist which arc typically outs, occi¬ 
dental and without historical forerunners, having sprung 

IT 
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from our own highly developed scientific mentality. To these 
belongs the conception of prehistory with which this book 
deals, the prehistory of the world as a frame for the dynamic 
evolution of nature throughout all its physical and biological 
past, with the appearance of Man as its final climax, but not 
with mankind as its focus. 

Of course, among the thinkers of classical civilisations 
there was an inkling of prehistory, of prehistory as the early 
history of man. Local, primitive Creation myths are in evid¬ 
ence everywhere as part of an imaginary, never clearly defined 
prchbtory. In the beginning were the gods, and they created 
the Earth together with all creeping and flying this and that, 
including humanity. The “ how ’’ and the temporal duration 
of this prehistory remained, nevertheless, unexplored. 

Here and there, however, remarkable prehistoric monsters 
put in an appearance, notably when a dynasty of rulers desired 
to make credible their descent from the gods and thus extra\a- 
gantly—though more than obscurely—cloaked themselves 
with hundreds of thousands of years of ancestry. But we can¬ 
not regard such fantasies as the origins of our present-day 
science of prehistory. For prehistory was not then even a con¬ 
ception. Just as today we are beginning, with amazement, to 
perceive the bold outlines of certain recent scientific dis¬ 
coveries, so the realisation of the growth and disappearance 
of a primitive world before mankind existed is a special and 
definitely late discovery of the last two centuries. 

Also, the fact that richly varied forms of life existed incon¬ 
ceivably long ago never occurred to, never was even remotely 
considered as a subject for inquiry by, thinkers of old. Yet it 
is impossible that the travel-loving Greeks, whose lengthy 
journeys vrere made either on foot or on slow-moving animals, 
never came across the fossilised remains of mussels, snails and 
other sea creatures by the wayside or in rock fragments. 
Xenophon certainly did, and Thales of Miletus, one of the 
Seven Sages of Greece, was so interested in the coveted and 
precious amber that he must on occasion have handled pieces 
in which plants or insects were embedded. The contemporary 
explanation of the presence of these and other fossils on land 
and in the mounuins far from the sea was not exactly wrong 
—it was a purely superficial guess. It was said that gigantic 
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tidal waves aod Hoodi hati> at some time or otheVr swept tKese 
thln^ up and deposited them inland. 

The feet that catastraphic storms occurred sporadicailjf 
was known from eKperience, and the Icfcnds of all oriental 
peoples are rich in descriptions ol particularly violent oon' 
vuUions ol the ocean. So there was no reason to speculate 
about the possibility oE a prehistoric era in which mankind 
did not play the dorninant partj in which, perhaps, Man had 
not even existed. To the classical way oE thinking, mankind 
on earth was the centre of the universe. There could not be 
or have been any reality without man and his consciousness 
—not even the worlds of the gods. Vet the gods were indeed 
regarded as the orlg^in of everything before mankind waa 
created, in spite of the fact that only after that event, with 
the advent of human brains, did the gods themselves first 
come into existence. Hoiv senseless, to Greet thought of that 
time, to conceive of an Olympic hierarchy ruling for thou¬ 
sands of years ever nothing but plant;, animals, and inanimate 
rocks. So prehistory remained for about two thousand years 
a dark, necessarily simple-minded aEfeir, unilluminated by 
the slightest intellectual Light from the limpid sky of sunny 
Hellas. 

Man's Intellectual development has been sufficiently 
explored to make this astonishing feet perfectly understand’ 
able. The Greek genius burned itself Out in a fesv centuries. 
The sober greatness of Rome exhausted itself in organ ising 
humans politically with every conceivable combination of 
whips and carrots. Speculative suggestions about profitless 
possibilities were outside the scope of such a civilisation. The 
world of unworldly Christianity that followed on took the 
Bible for its source of information. And the venerable con¬ 
tents of that book were accepted as the exposition of a series 
of dogmas which at the time were simply and literally 
accepted as comprising the whole of natural stience. The 
creation of the world in six days satisfied even enquiring 
minds as being an adequate explanation and Lbe truth. Alao, 
on the basis of primitive Jewish myths, the age of the earth 
was determined at about 5,500 ycart. 

All fossil discoveries were explained as "freaks of nature" 
Or as a combination of "seminal air" with rocks—or even, 
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humorous though it may now seem, as prototypes which the 
Creator tried out before deciding on his final designs. In this 
confusion of naive ideas, it was the Bible that was also respons¬ 
ible for the sensible suggestion that these discoveries were 
animals that had succumbed to the Flood. The ancient Greeks 
had indeed already thought along the same lines. That this 
legendary flood really happened seems today more certain 
than ever. Only its geographical extent has been overestim¬ 
ated. Probably there was a locally confined catastrophic 
inundation involving Mesopotamia and various other main¬ 
land areas in the neighbourhood. But it is quite certain that 
half Europe never lay under water, at least not during the 
]>eriod covered by the Biblical narrative. 

For a long time such explanations and inventions satisfied 
the intelligent man, so far as he ever bothered his brains 
about these things; and up to about two hundred years ago 
the subject matter of this book was totally unknown. Before 
then there were no such concepts as geology (the science of 
the formation of the earth), palaeontology (the science of life 
in prehistoric times), or palaeoethnology (the study of pre¬ 
historic man). So all this complex of knowledge is o^'erwhelm- 
ingly new, indeed the newest of all, for even physics, chem¬ 
istry, astronomy, biology, and other similar sciences are in 
their latest forms merely flowerings, modem outgrowths 
rooted far back in the thinking and discoveries of the past. 

What was the climate of the intellectual world two hundred 
years ago, about 1760? 

For one thing, it was very liberal and modern in the 
present-day sense. The bitterest intellectual battles for the 
emancipation of scientific inquiry had long ago been fought 
and won. The apparently impregnable cosmology of the 
ancients and of the Christian Middle Ages had been over¬ 
thrown by Copernicus, Bruno, Kepler and Galileo. The 
secret of the heavens—misinterpreted for millenniums—was 
wholly solved, the mechanics of the heavenly bodies estab¬ 
lished by Newton. The real shape and surface of the Earth 
emerged from the plethora of voyages, exploratory or exploita- 
tory. Physics was in the ascendant in the realms of mechanics, 
optics and the intensely investigated phenomenon known as 
elearicity. Chemistry had long ago cast off its childish apparel 


of alchciviy aiid riefvaled itself as a miitaculous body of know¬ 
ledge in its own righi.. Anatomy and physiology wore being 
bulk up, stone upon stone, towards their present-day great 
structures. In 17513 an unknow'ti man ftem Koenigsberg 
named Kant was thinking epoch-making thoughts about the 
nature of the i^orld. Intellectuals such as Descartes, Leibnitz, 
Huygens had long before contributed an abundance of 
brilliarit ideas to science. A world of science^ in fact, was 
growing up alongside the everyday, practical ivorld, helping 
it on with [echnical accoiuplishinents and intelIccLually 
dazzling discoveries. Only dear old Mother Earth, unobtrus¬ 
ively underfoot, still stayed years old, and prehistory 

remained merely the history of mankind as far back as it was 
known. 

This is really rather astonishing, since mining, for example, 
was practised as fer back as the early Stone Age—iirst for 
flints, and later for copper and tin for the preparation of 
bronze. Salt, too, and subsequently iron, were necc.isitics as 
much in demand then as toi^y. 

Amongst all those involved iu the various processes of min¬ 
ing was there not one intelligent person who saw more and 
thought further than was merely required of him by hU work? 
Was there not one whose attention was caught by the impres¬ 
sion of a fern in the coal scam and thus remind^ of a living 
fern outside? Did not a single quarry worker discover fan* 
tastic remnants of bones o( mysterious animals among the 
broken stone? Did no adventurous explorer ever rack his 
brains about the bizarre forms of the rock formations on the 
sheer side of a mountain? 

Apparently not. Or. if so^ wc know nothing of it. Perhaps 
we expect too much in posing such questions. After all, the 
majority of those who might have observed such things were 
illiterate, over-worked semi-slaves, who would have dumbly 
Ignored any discovery or, perforce, kept it within the circle 
of their closest acquaintances. 

But, to be accurate, it must be admitted here that there 
were, notv and again, people of intellectual acumen who 
thought more txiidly, Leonardo da Vinci (l45^-],5r^)J we 
know, had very individual and most probably accurate ideas 
about the origin of Fossilised remains. In a visionary way he 
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at least anticipated the later scientific investigators of an 
unknown post world. 

Even more perspicaciously than Leonardo, the Danish 
doctor Niels Stensen (i(>38-i686), who lived for a long time in 
Italy, delved into these unexplored secrets of nature. With 
brilliant insight he propounded theories which, in their 
accuracy, even then could have laid a sure foundation for the 
whole science of geology—if any attention had been paid to 
them and they had not been immediately forgotten I 

Occurrences such as these are not rare in the intellectual 
history of Man. A classic example from not so long ago is that 
of Gregor Mendel (18SS-1884) who discovered the rules of 
heredity. This brilliant Aug^tinian father hom Briinn first 
studied physics, then did a little dilettante rvork in the field 
of botany and quietly established a basis for the whole of the 
science of here^ty. His concepts, today regarded as funda¬ 
mental, were named, long after his death, the " Mendelian 
Laws'* in his honour. Yet in his day this amateur outsider 
was almost wholly ignored, so that for decades his vital dis¬ 
coveries went unheeded. This was at a time—it was 1865— 
when an almost unprecedented battle of opinions over 
Darwinism was raging, and Darwin himself stated regretfully 
and resignedly that the laws governing heredity were unfor¬ 
tunately completely unknown. And so they remained, until 
about 1900 when they were rediscovered almost simulune- 
ously by de Vries, Chermak and Correns, each independently 
of the other. 

In the previous century a very similar fate threatened to 
befall the revolutionary ideas of the French naturalist Jean 
Lamarck (1744-1829). Although his theories of the natural 
evolution of all forms of life at first aroused great excitement 
and were also much discussed, he was finally defeated by the 
grossly misused authority of his opponents—psarticularly the 
great anatomist. Cuvier—and he di^ in poverty and was for¬ 
gotten and with him expired hit " finally defunct" hypxithesis 
of evolution. It required the subsequent storm over Darwin’s 
theories to resurrect him from undeserved oblivion and make 
him the subject of intense pmsthumous discussion. 

The accumulated science and knowledge of the Ancients 
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iuJfcrtd a complete eclipse hi! the early Middle Ages, u> such 
an cJttent that no one knew ei-cn the naities of the Oreek 
sages, let alone whai they had taught. It was the Aialis who 
rwliscovered them, translated their assiduotisly coUected 
manuscripts and thus redntroduced them to the irLieClcctual 
world of the Christian West where, after almost eight hundred 
years ol oWiviun^ Aristotle, Euclid and Plato suddenly began 
to enjoy a surtling and considerably exaggerated renaisaancc. 

Such is the way things happen^ and the aforementioned 
Niels Stensen was not alone in his frustrating citperieiice. But 
about a hundred years after him the time was ripo.^ The 
supremacy of the thousand-ycar-old classical philosophy, con¬ 
sisting mainly of highly thcorietical problems which had long 
ago been discussed almost to death, was roughly ousted to 
make way for the direct questioning of nature, the answers 
to which revealed a new vision of the ■(tforld—the world of 
natural sciences. And it only needed increasing boldness and 
a few lucky inspirations 10 hting^ (O light the eKistence of the 
riddle of prehistory and to set people asking for its solution. 
Once again it WM physicians who were the "midwives^', 
hcitause geologists did not as yet exist. 

The men in question were J, G, Lehmann and Christian 
Fiichse], the foTTuer of whom was also director of a mining 
company. Both lived in the TTiuringia-Saxony region, and 
they published their geological observations and speculations 
in the second half of the eighteenth century. At first nothing 
of great interest emerged, partly because Dr, Lehmann per- 
sisted in believing implicitly in the Biblical account of the 
Flood, and his sole ambition was to ptovo it, But apart from 
a false premise and conres|>ondingly faulty deductionj, this 
was the first occasion on which stratified rocks and their con¬ 
tent of fossilised life were studied reasonably methodicallyr 
Only the immense time-span of this unknown world remained 
uugucssed at, evert in the complementary works of FOchsel, 
who actually dared to suggest that the vast rock and limestone 
deposits they had discovered could not possibly have been 
laid down over such a short period, even if the Flood had been 
a solid one I Wi th these two men, it may be said, geology was 
bom. To begin with, its Oiily real importance was considered 
to he in its application to mining: but. above and beyond this 
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practical aspect, there hovered a multitude of questions about 
the "how" of Creation, and these questions rapidly became 
more and more insistent. 

There now occurred a name of great imfxirtance—that of 
Gottlob Abraham Werner (1750-1817), a mineralogist from 
the famous mining town of Freiberg in the Erzgebiige. The 
line of research that he took up was: how did rocks come to 
be shaped as they were? There were many known instances of 
deposits of sedimentary remains of weathered and worn rock 
in the sea. Clearly, in many cases they were the result of the 
action of water. Therefore water, and only water, must be 
the shaping factor in the world of rocks. Mountains and their 
features had been simply erodetl by the seas, after frequent 
inundation by vast floods. 

It is difficult to assess here how far inherent belief in a 
Biblical Flood dominated Werner's thinking and prevented 
him from taking up a line which would have revealed to him 
the one-sidedness of his partially coiTect assumptions. At any 
rate, he had no thought that possible effects might have been 
caused by internal forces below the Farth’s surface. Although 
he was extremely parochial—for he spent virtually the whole 
of his life in Freiberg—it is impossible that he could have 
been toully ignorant of volcanic activity and have heard noth¬ 
ing of earthquakes—indeed the Lisbon catastrophe in 1755 
was a world-wide topic of discussion. Anyhow, Werner’s par¬ 
ticular view of geology, which found many adherenu. was 
known as Neptunism, after the Greek sea-god. 

In contrast to this, there very soon appeared Plutonism 
(from Pluto, god of the imderworld). Its protagonist was the 
Scotsman James Hutton (17*6-1797). In this fim, genuinely 
fruitful battle of opinions, the pendulum now swung to the 
other extreme. The Flood at last lost its predominant role. 
In iu place, volcanic forces in the Earth's interior advanced 
to a position of daemonic poiver. Now an attempt was made to 
explain everything "plutonically". That the earth became 
warmer the deeper one descended into a mine, was a well- 
known foct. The astronomers alleged that the earth was a 
product of the sun—a once-glowing ball of gas that had some¬ 
how broken loose. All obvious indications suggested that the 
earth had only cooled on the surface and was, at no very great 
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dej>Eli. a seething mixtiire nf whjtC’hot miokeii substances, 
barely contahtetE by the thin hardened crtist. The votcanoes, 
indeed, tvtme irrefutable proof of this, ihcir aatere being 
direct pa^sagei te tire primitive cauldron svitliinr So down 
with tlie gentle infliience of the t^'aters and np with the high' 
pressure, I'Dck'sliapiTig elcmentat Ecices ot the plutonic 
underh'oi’ld] 

This concept, too, is Ijoth one-sided and exaggerated; but 
the truth miuld be very nearly arrived at by a reasenable 
synthesis of both tbeoriesr All this, hoirever ivas not the 
important point. The great thing ivas that geologicil think' 
ing had enjerged in the course of a few decades. The ground 
" underfoot had once and for all been discovered and had 
became a subject for eitpiDration, and to an extent that 
aasitmed astonishing proportions; for now an ally joined in, 
an ally irliich was to play a vitaE part in unveiling the pictuTc 
of prehistory—Jjiology. 

During the preceding century biology, too, liad developed 
only precariously in the various guises of anatomy and physi¬ 
ology, botany and zoologyr Tlie predominance of the intel¬ 
lectual Sciences up to and beyond the end of the Middle Ages 
bad proved a serious hindrance to llic grotvth of the natural 
sciences, including of course biology. But now tbe treasury 
of knowledge could be expended in any direction where it 
could prove useful. 

Of particular imparlance was the superb attempt of the 
Swedish itatumlist, Carl von Linn£ (Linnaeusj (lyoy-iyyS) to 
classify the viriuaJily endless varieties of types and species 
and families of plants and animals Into a system which svauld 
comprise every living thing—according to sejtual character¬ 
istics^ habits, identity or similarity of form, etc.; and Linnaeus 
devised the basic, still generally accepted classification into 
specie;, genus, family, order and class. This systematisation 
has, of couT^, changed considerably over the years and even 
now is not yet regarded as RnaL 

Linnaeus, In his work, bequeathed ta posterity a very 
valuable legacy. But his universe remained narrow. The 
possibility of prehistory in the geological sense never occurred 
to him. The scientific wealth of dead worlds was not even a 
conceivable possibility to biin, let alone the idea, even then 
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being mooted elsewhere, that all living things evolved. He 
firmly beliesed that all planu and animals had been created 
—5,500 years ago, during the Biblical Creation—in the vei7 
same form as they now appeared in his classifications. 

Incomparably further advanced were the ideas of Georg 
Kufer, who was educated in Germany with Schiller and 
achieved world fame as Georges Cuvier He 

opened up two new fields of science: comparative anatomy 
and palaeontology. Through his efforts Linnaeus's classifica¬ 
tions were considerably improved and expanded. But, above 
all, he no longer shut his eyes to the increasingly obvious 
traces of a possible period of prehistory. If the rock-strata of 
the Paris Basin or the Maastricht chalk yielded the bones of 
animals hitherto unknown to the present world, then those 
bones must have belonged to animals who died out " sometime 
earlier”. So the idea of a prehistoric world—as yet not 
precisely placed in time—was suddenly there as a matter of 
course. Cuvier was also so bold as to make immediate pro¬ 
vision for it in his system. In the case of mussels, snails, etc., 
it was comparatively simple, and with vertebrates he was 
helped by his immense anatomical knowledge. He actually 
succeeded in sketching, on the basis of a few bone fragments, 
a horse-like ungulate (Palaeotherium) which—as we know 
today—lived millions of years ago, and his sketch was so 
accurate that later, when a complete skeleton of the animal 
was discovered, it corresponded almost exactly with the draw¬ 
ing. This masterpiece can be seen today in the Jardin des 
Plantes in Paris. 

Cuvier, then, was a scientific inquirer of quite exceptional 
genius and his brilliance was in no way dimmed by the fact 
that his theoretical evaluation of his discoveries, particularly 
in regard to geological prehistory, led him to the most unfor¬ 
tunate results. During his lifetime it had already become 
known that there must have been a whole series of pre¬ 
historic epochs, in each of which a very different animal world 
flourished. How had it come about that all these extremely 
numerous animal species had died out? Very simply, accord¬ 
ing to him. At the end of every fairly well defined geological 
age there had been a colossal catastrophe, with brilliant fire¬ 
works from the volcanoes (here the Plutonists came into their 


THK DiSCOVtHV ot earth's history ^7 

classics! floods (ilims iticluding the Neptutii&Ls)^ and 
other devastatioEis. The whole o£ the living tvorld ended each 
time in a gigiantic holocaust, and chat it-^s tlte end of every¬ 
thing chat had hitherto flourished. After the catastrophe was 
oven life on earth renewed itself until the neKi dehacle. 

A Cuvier was not to be contradicted, fortified by his success 
and his very teal authority^ he becarne totally intolerant of all 
ideas other than his own. I.jitiaiick was the chief sufferer, for 
his brilliant conception of a continuous development of all 
living cteatures was simply argued away. And this was bad, 
for the parallel conception of a continuous transformation of 
the earth's surface was—to say the least—delayed. But it must 
have occurred to Cuvier, as he arranged prehistoric animals 
in his system^ that [be deeper-lying onc^ those tiicreforc from 
carHer geological strata, must also be more primitive animalg. 
There was a perfectly dear "upwards" direction in the strata 
lying one upon anothern How„ then, was one to explain that 
ascending scale of living creatures which arose from epoch 
to epoch? 

A truly nevoluiionaTy idea, which suddenly proved the 
immense importance of palaeontology to the progress of 
geologyj and one which Cuvier too had made successful me 
of, occurred to the English engineer, William Smith {j;7d9- 
1S59]. Smith constructed roads and crcirIs, and in addition to 
this very useful occupation still found tirne to examine the 
broken stratified rocltE with their contents of fcnsiliscd remains 
of Living things. He proved, with amaring insight, that, for the 
purpose of determining the age of identical geological strata 
■which may crop up in entirely different localities, it is not the 
similarity of the mineral oontent that counts, but the presence 
of certain forms of life svhich were specifically present, were 
" predotnlriant" during precisely that era. Certain species of 
fossil existed only in such and such a periotl and in no other. 
And where these predominant (or " zone ”) fossils are founds 
no matter whereabouts on earth—.It tan ho assumed that the 
formations containing them were all formed at the same 
geological time, however different the rocks comprising them 
may now appear. 

This hunt after zone fossils has ever since been oine of the 
most urgent tasks of geology. In practically every rase, their 
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ducovery permits a sure identification of contemporary 
mineral formations. But they provide even more information 
than this. Until recently it had been assumed that of, say, ten 
layers of sediment under water, the lowest was the oldest and 
the topmost the latest. Today we know for certain that this is 
true in most cases. But nowhere on earth is there a complete 
series of all rock formatioiu formed on the ocean bed as 
sediment; it has been estimated that the toul depth of such 
a sediment would be from 35,000 to 50,000 feet. Also, the 
mineral deposits which “ amalgamate " into rocks arc seldom 
left undisturbed. Mighty folding processes (which will be 
more precisely described later) have not only ohen completely 
displaced the original horizontal layers through bending and 
breaking, but have also at times pushed older layers over 
younger ones so that their time-sequence would be completely 
confused and indecipherable were it not for the zone fossils, 
whose presence works so to speak like a label. So when today 
a geologically minded climber finds the remains of a certain 
spedcs of ammonite >5,000 feet up in the rock of the Hima¬ 
layas, he can say with certainty that this towering rock was 
formed at the same time as an undisturbed horizontal layer, 
conuining the same ammonite species, deep down in a 
European mine. 

This was the key to the solving of the mystery of prehistory. 
After triumphant investigations over an almost incredibly 
short space of time, the geological history of the Earth was 
"established” in a few decades. In every civilised country 
of the world men went out to study prehistory, its problems 
and possible laws. Every quarry now became an El Dorado. 
Man had learnt to see and had found, practically wherever a 
systematic search was made, fossil treasures. Unbelievably 
rich lodes of unknown forms of life were revealed. Stones 
began to speak, and men learned to understand their language. 
Primeval swamp forests in strange forms emerged to the 
inward eye from the coal in the mines. Ocean floors came 
alive with an unfamiliar world of animals. Salt pans revealed 
former vanished seas. Rust-red rocks spoke of vast deserts. 
Weird giant animals wrere reconstituted from schist and lime¬ 
stone, their complete forms being realised by astonishing 
scientific deductions. Scratches on polished rock surfaces told 
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of extensive glaciation in regioiu that nowadays arc tropical. 
A fatawayj. drcatn-like worlds a world beyond the imagination 
of (he htirnan mind only a tjcntury before, arose itl a vision of 
gigantic proportions, vivid, gliLeering, exciting, fasa'nating in 
ica wonder and strangeness. 



CHAPTER TWO 


The Earth and the Forces at Work on It 


W E have seen how the idea of prehistory spread throughout 
the Western world of science, particularly after 1800. But the 
dissipation of the old, set ideas about the origins and age of 
the world was only a very gradual process. In an exhaustive 
work on the animal kingdom, the great French naturalist the 
Comte de Bufifon (1707*1788) had suggested that the real age 
of the Earth must be at least 75,000 years. His was a brilliant 
if premature revolt against accepted thought. Shortly after 
thi^ there were further estimates putting the Earth's age 
back to hundreds of thousands, and even millions, of years. 

These could not be anything but vague, ill-founded guesses: 
but they were genuine attempts to probe into a hitherto 
unknown no-man’s-land—a fact which was realised. There 
were no illusions that absolute and accurate dating would be 
produced by this first attempt. Even today this problem is not 
fully solved. The geologists of that early period contented 
themselves with determining the sequence of the layers of 
sedimentary rocks, according to their age. and from this data 
producing a time-table. Systematic classification—on the lines 
of Linnaeus—was realised to be an indispensable bdisis for 
scientific research. Because of the intermixture of geological 
strata already mentioned, this was no easy task. It followed 
that the evidence of fossilised life became enormously impor¬ 
tant. A possible sequence of rock formations was deduced 
from observation of the varying degrees of development of 
these fossils. Where certain layers produced remains of mam¬ 
mals belonging to the highest class of vertebrates, it followed 
in general that such a s^iment was newer than layers con¬ 
taining no mammals but only traces of, say, reptiles or 
amphibians, whilst a rock containing only simple non-osseous 
animals or primitive seaweeds would probably be infinitely 
older than both. In most cases a well-established sequence of 
so 
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li'i'as conHimfiJ. And below a.11 these fossilitcteiis stmta. 
were the sedimencaty nodis, concaiiiin^ no form of life; from 
which it could togimlljr Ue deduced that these rocks were the 
oldest oE all, hnx'ing l>qcn formed at an CKtremely remote 
period in time when^bold thoughts ^iEe had not yet 
appeared. This dettucLtoii revealed one O'f the most important 
discoveries in the whole cocinse oE the investigation of pre¬ 
history r namely that the appearance of more highly differenti¬ 
ated and developed forms of life seemed to be an essential 
part of Earth's maturtng. 

Proper classificatiou nntumUy Quires clear nomenciature. 
But in this respect early scientist w’ere lather haphazard. 
Whether a man is tilled Smith, Drown or Robinsan U of 
alight importance. His personality is ivhat counts. Astronomy 
is equally hafjpj^go-ludLy. Tite vast majority of the constel¬ 
lations ivcre named hi antiquicy, Haif Greek mythatogy is 
enthroned in the skiea. Why change the names? The planets 
and stats arc well established^ easily distingfoishable^nd 
that 15 sufficient- 'riic scientlDc value o£ astronomy is un¬ 
affected by names. 

Though superficially similar, the caw of geological termin¬ 
ology is in fact very different. What more logical than to 
ascribe the origin of strata in which coal was formed to a 
Carboniferous Per tod, even though other deposits are also 
present? There is equal justification for the names of the 
Cretaceous Penod, although not only chalk, was produced 
during that age. Other descriptions are derived from areas 
where the formations in question were first properly investi¬ 
gated: the Ferniian Period owes its name to the Russian 
district of Perm in the Urals; the Algonquin is called after 
the discoveries made in the former hunting grounds of the 
Algonquin Indians in North Amcirica: Cambria is the ancient 
name of Wales; the Silurian Period immortalises the Celtic 
tribe of that name; and the Devonian is. oE course, named 
after Devon. 

As in biology, there are certain main groups, which are 
then further subdivided in order to distittgu:i.5h the finer 
vadationSr The main groups are the formations. Origiiaally 
these were quite siinply divided into Fr-iitiary (the ^dest), 
followed by Secondary. Tertiary and Quaternary. But nowa- 
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days ch« Secondary and subsequent formations are called the 
Palaeozoic (fim era), Mesozoic (middle era), and Cainozoic 
(latest era). The Palaeozoic is regarded as having been pre¬ 
ceded by an earlier era—the Eozoic or pre-Cambrian era— 
while before that there was the Archaean, and, earliest of all, 
that remote epoch before the Earth solidified. The rocks 
formed during a particular period are said to belong to a 
system—thus the rocks of the Jurassic system were deposited 
during the Jurassic period. Rock systems are further divided 
into series and formations—most of which are named after 
the localities where they were recognised. Reference to the 
ubles on the Earth’s history (pp, 84 and 85) will make the 
whole scheme clear. These show ^e international system 
generally accepted, though in some cases scientists in different 
countries prefer to use their own terminology. For example, 
the Americans do not invariably differentiate the Carbonifer¬ 
ous Period from the ensuing Permian. They speak of the 
Permocarboniferous as a single formation. Similarly, they use 
the term "Algonquin” (mentioned above) for rocks of the 
upper part of the Pre-Cambrian; whereas in Britain the name 
Torridonian is used for certain Pre-Cambrian sedimentary 
strau. Such variations are always matters for international 
discussion and agreement, and it is likely that in the future 
the present classifications will undergo modifications—which, 
in fact, will make little or no difference to the time sequence. 
This time sequence is firmly established; was established, 
indeed, in the last century, so effectively did men labour in 
the first great era of geology. 

Since 1890 nothing of revolutionary importance in this 
respect has emerged. The basic picture of prehistory was out¬ 
lined almost a hundred years ago, and has remained essentially 
unchanged. Importont contributors to the sdence were Sir 
Charles Lyell of England (1797-1875) and Karl Ernst von 
Hoff of Germany (1771-1837). These men put an end to 
Neptunism, Plutonism and Cuvier’s Catastrophic Theory; 
and they conceived the theory of Actualism which, despite 
critical " ifa ’’ and " buts ’’, still dominates geological thought 
and research. 

^Vhat is Actualism? Primarily it sutes that the formative 
forces at present at work under and upon the Earth’s surface 
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and cnist an: identical with those ol every otlier geological 
epoch. These forces include wHthcr^ the erosive effect ot 
rivers 3nd seas, and certain subterranean indueneeSr 
On the face of it, this theory inay not carry entire conviction. 
Admittedly, it is a known feet that violent rainfell^ especially 
in nuountain country, can cause landslides. It is also known 



I. The .SheltrcgiGn ot the North Sea (including the Britiih 
Tiles) which at the beginning of the Pleiicooene Ice Age 
was dry land 


that rock becomes weathered as a result of fluctuating tempera¬ 
ture, wind, rain, and chemical eff ects; that micrtMcopic organ- 
isms have power to disiDtegiate rock] that soil can then, be 
swept away by rivers and deposited as sediment. The erosive, 
undermining, destructive power of the ocean's waves is a 
familiar phenomenon; minor changes in landscape can be 
effected by volcanic crtiption and earthquake. It is evident 
that certain coastal regions of the Mediterranean Jiave, since 
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ciaisical limes, siirtcicU from land stiEisidencc; [iwds due m 
Sturms in the Nunh Sea liave turned a large part df the low^ 
lying Netherlands into a Jake (the ZuEder-Zee], whieh has had 
recently Co be rCHjrained by nciau. 

All this is knuhrn; and the ojntinuous elTeets o£ these 
" lesser” natural forces are accepted. But are tlrey great enough 
to aiXCnint for the titanic physical changes which have taken 
place during the couirae of the Earth’s history? There was a 
time wlien oitr present-day mountain giants^chc Alps^ the 
Himalayas, the Andes, the Caucasus—load not yet arisen; a 
time Endectl when they rvere no tnoie tlian the botcoms of 
sltal tow seas. And there were other eons when North America, 
and Europe were joined togcthei' by massive land bridges 
which now lie submerged belmv the oceans, or even perhaps 
when the ttvo continents were actually vastly closer together 
than they are notv. All this implies iipheavaTs cm a major 
scale. So must tberc not hive been catastrophic occurrences 
in the interior ol the Earth causing, among other things, 
Hoods of inconceivable extent? 

Admittedly, there is no need to be over-orthodox. A syn¬ 
thesis oE several outdated theories could account for the vast 
Upheavals which took place in the forming oE the Earth’s 
surface, and still the Actual Isi theory would hold good. Feriodj 
of especially pronounced vulcanism, no rare phenomena, are 
definitely proved. Cracks, displacements and distortions within 
the Earth's crust could have caused sudden collapses leading 
to catastrophic results over a wide area. The immense East 
African Rift—a deft averaging 1,^00 feet in depth and up to 
^0 miles in width, stictehiilg from the Zambezi to the Jordan 
Valley—certainly did not come about by gradual erosion. 
Similar "distortions” are today by the most frequent 
origins of earthquakes. Even mewors from outer space— 
which must Indeed have been of immense si;e and corre¬ 
spondingly extremely rare—have brtn invoked by theorists 
as being partly responsible for changes in the Earth's surface. 
But apart from the genuinely violent origins of the Earth—a 
purely natural development at a time when the crust and 
water first appeared—there has never really been any 
for such catastrophes, Rev'olulionaty occumncnces oE 
this sort must alvfays be regarded as exceptional. 



1. Rock foldings on Widcmcr Kopf in ihc Allgaiu Alps. 
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In p9St cpoctis, as tofiay, tlic rule iit thsiL uf 
chansCj brsught abcmt by torccs inside and otn;$ide 

the Earth- In this context the geologists speak of ''csojifcnjc ” 
(external) acid "endogenic” (intertial) dynamics. To the 
external processes belong the ivcathering of rocks^ the erosion 
of stone ind^ above alJ, the widespread process of deposition 
of sediments on the ocean floor. 

The obvious rvcathcring procc-Hs has alceatly ]>cen men¬ 
tioned. It happens as a result of the ince^nt meclianical anti 
chemical action of the atmosphece, ivhtch gTadtially loosens 
and splits even the mightiest monntaLns into separate 
boitlders. and then reduces these to sand, most of the more 
soluble material being dissolved away in the process. Chninges 
in tempemture, cracking as a losult of water freeing in clefts 
of Tuckr diOwii|iOui'S of Taiiir wind blajiting, the disruptive 
penetiatioil of plant rootii'^ll make the LI contributions tq 
the sum total of atmospheric weatliering. 

Erosion is caused by running water (Huvial), wind (aeolian), 
ice (glacial) or the sea (marine). River erosion has two main 
consequences; hrstlyH the carrying away of sand and other 
fine particles, together with subsEances invisibly in solution: 
.iccondly, the carving out of entirely new landscapes ss a 
result of the crcisivo clTecta of the river's cwn currents. Tn 
many parts of the world whole mounraiii chains which long 
ago had already beqn reduced to a level plain have become 
fashioned into new mountain; by a combination of river 
action and land uplift. Sometimes tliis river-criosion produces 
such staggering natural wonders as the Cmnd Canyon in 
Avixorra, where the viver's course has sliced through layers of 
variegated rocks to a depth of over 5,000 feet. 

It is fairly easy to estimate the amount of material a river 
carries down to the sea. The .^maxon holds the record. ;wcop- 
ing away, year after year, 1,500 million tons of solid matter 
from the mainland into the Atlantic The Mississippi moves 
500 million tons, and the Danube 40 million. Because all 
rivers act in this way, the amount of material shifted by 
erosion adds up to a formidable total. Nevertheless, figures 
are deceptive; for over many generations the loss of land to 
the sea is barely perceptible, Aeolian erosion, too, whereby 
dust is carried away by the wind over the ocean;, plays a 
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substantial role, the precise extent of which is still difficult 
to assess. 

At all events, the final destination of the erosion cycle is 
the bed of the sea, where the important process of sedimenta¬ 
tion begins. The chief source of these sedimentary layers in 
the past has already been mentioned: the disintegration of 
sand, gravel, lime and other components of the mainland, 
which by one means or another were precipitated into the 
sea. Generally speaking, the coarser particles were deposited 
nearest the river which carried the material from the land, 
and only the finer particles travelled out into the deep ocean 
waters. Subsequent physical changes (coasolidation and lithi- 
hcation) then transformed these loose sediments into hard 
rocks—such as conglomerate, sandstone and mudstone. The 
general term for such physical changes is diagenesis. 

Later, the plant and animal worlds also added a subsuntial 
accretion to these sedimentary deposits. The skeletons and 
shells of numerous animals such as mollascs, echinoderms, 
brachiopods, corals, foraminifera, etc., consisting largely of 
calcium carbonate, were absorbed after death into the sedi¬ 
ments on the sea floor, and this was tlie origin of such rocks 
as limestone (including chalk) and dolomite (though it is 
more usual for lime to be precipitated from solution than to 
be deposited in the form of actual shells). Lime deposits of 
this kind have formed the basis of such great rock formations 
as the limestone Alps, the Dolomites, and numerous forma¬ 
tions on the periphery of the Mediterranean. The Egyptian 
Pyramids are built of stone hewn from the Moccatam Moun¬ 
tains—material composed of the innumerable shells of dead 
nummulites. 

It has also been found that extensive areas of the ocean 
floors are covered by thick layers of calcareous sediments com¬ 
posed of Globigerina and Radiolaria, which as a result of 
chemical and mechanical aaivity are in process of being trans¬ 
formed into rocks. The reef-building activities of the corals 
are well known, and in parts of the Pacific the bimiliar atolls 
are largely a result of their growth. 

At this point a logical and reasonable question arises. 
Would not all these processes of weathering, erosion and sedi- 
menution have eventually led to the total levelling down of 
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7l ^hciD^tic crosts^ciiCKd of a cliff in the Grand Canyon 
erotic by the Colomdo River 


all the continental land surfctMS? Indeed^ if all land mafiscs 
Tvere levelled and distribntrd evenly over the bed of tlie seaK 
the result ™uld be that the whole Earth would be oovei'ed 
with water to a deptli of alwut fi.ooo ftet. But in actual factK 
of wuTM, the land itur^ce rises above the level of the sea for 
about a quarter of the globe's total ancAu Why, in the cotirse 
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of eon3» has it not been twcpt level and aubmei^cd by the sea? 
The answci' is that the inner forces of the Eartli. the endo- 
genens forces, are strong enough to offset the various pro¬ 
cesses of crcflion. 

EKogenous forces—those worltlng on tlie Earth's surface 
from OLiuidc —arc easy to observe. Extensive investigation of 
them is being carried out. But the internal forces of the Earth 
are much more difficult to assess and confront us with many 
unanswered problems, despite out modem techniques. The 
process of Tnountain-buikliog alone has produced a number 
of liypetliesesr the acceptability of any one oE which depends 
merely upon probability. 

Astonishingly little is knoivn about the intevior of the 
Earth—certainly nothiug precise. This is very perturbing to 
scientists, but there is little they can do for the present. We 
canuat conceivably reach the core oE the Earth. It will be 
easier to fly to the Moon or Mars than to make Jules Verne's 
Journey to the Centre of the Earth. Information obtained 
from inines and boreholes even i8,ooo feet deep is tiistgtiifi- 
cant. 18,000 feet is approximately 3 miles, and with the centre 
of the Earth lying some 4,000 miles beneath the surface those 
3 miles are no moK chan a pin-prick. Though astronomers 
with justibcaiEOn speak of Earth as a minute, insignibcant 
body, a grain of dust 10 the Universe, the inhabitants of Earth 
undcTStandabiy regard this "grain" as a mighty planet. 
Imagine the Earth shrunk to a ball with a diameter of 60 feet 
(the height of a small block of apartments). Otic then finds 
that the highest point on Earth, Mount Everest, will rise only 
f inch above the suiface! 

Our field of physical knowledge about the Earth extends 
Erotn the top of the highest mountain to the bottom of the 
deepest sea, which amounts in all to a difference of 3 inches 
on a 60-foot globe. Our knowledge of conditions at greater 
depths remains wholly in the realms of canjecluie. 

However, modern scientific investigation does not give up 
easily, and in fact, a whole series of projects have been formu¬ 
lated which, although 50 far of limited acope, aire ncvertheles* 
beginning to approach ihc truth. 

Wc know, to begin with, that the Earth is a planet—^»nd 
is thus a heavenly body among other, similar bodies. But are 
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the implifatioiu of ihu triiisni fiiUy LJndcra[Dod^ Firstly, th± 

Earth, as an objeoi oE scientific study, cannot be ic^ndcd ax 

an isolated phenomenon; from which it loliows that asiro- 
nomicall and geological researches, instead of being separate 
and distinct, are simply concerned rvith different aspects of 
one vast subject—^ composite conception which, particularly 
in receuE times, has impinged more and more on geological 
theory. 

As 1 planet our Earth is one of nine major, non-luminous 
(dark) bodies travelling in fixed elliptical paths round the 
ball of glowing gas which we call the Sun. It is generally 



5. Earth's orbit lOund the Sun in days. The constant 
inclinatioil of the Earth's axis accounts for the ctaangin| 
seasons 


agreed that the planets owe their origin, in some way or 
other, to the Sun, though the exact process is still highly 
uncertain, (The volume of the Sun exceeds by 700 times the 
total volume of the planets, their satellites, the asteroids, and 
all other bodies in the solar system, such as comets and 
meteor swarms.) The physical attributes of the planets, such 
as density, chemical composition, atmosphere, temperature, 
etc,, vary enormously. Only in the case of a few planets 
(possibly Venus and Mars) can one speak oi a similaTity to 
^nh; certainly there is no approach to identity. Thus the 
Earth—in our solar system at least—is unique, its physical 
characteristics being determined by its distance from the sun, 
its density, 3 ixc, relationship to the Moon, and the ladiated 
warmth received from the sun. 
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The yearly rhythm o! the Earth's "journey rDund the Sun 
m j;65 day^alivnya at a hx.ed distance, ita rotation about its 
own axis every 14 hours^ the inclination of ita axis towaicda 
the ccliptiCj all govern the cliniatic lonca and the weather, 
while the gr^viutLoual c(FcCt£ of the Sun and the Moqn in flu- 
ence the tides and a tide-like movement nf the Earth's crust. 
The Earth'a jj^ravity holds ita atmoaphere in position, and its 
period of rotation determines the Earth's shape (which is not 
indeed a perfect sphere), Variatioria in any of these Actors 
would change the whole " picture " of oiir plaueC, Were the 
Earth to move into the same orbit as Venus, its year would bo 
shorter, the heat from the Sun ftereer, the atmosphere very 
possibty more turbulent—a series of fundamental chants 
which would maltc the Earth in every respect a different 
planet from what it ia, and produce unimaginable physio- 
logical and biological variations. In the orbit of Mars, the 
Earth would have two and a half times Ices light and warmth, 
and again an entirely different biological scene. 

The Earth is, in f^t, what it is becauK cosmic forces dic- 
lated its position in space, consequently determining its pre- 
vatting stable physical conditions. Howevern in spite of the 
so-called "inexorable'' laws, the mechanlci of the universe 
are not immune from minor variations. The eccentricity of 
the Earth's elliptical path round the Sun, for instance, is not 
invariably the same, for during the course of 91,300 years it 
alternates between two extremes, and even the Earth's closest 
approach to the Sun, the perihelion, varies over a period of 
vo,yqo years. The inclination of the Earth's axis also wobbles 
slightly in a period of 40,000 years; and the direction of the 
axis moves in a circle every sh>i0O0 years (precesaion). There 
is^ in fact, a conEinual play of forces, pulling back and forth, 
which in ^'arying degrees affects all bodies in the solar system: 
and, by and large, this rrmst have a braking effect on the 
'"clockwork ” of the planetary system. For instance, it has been 
suggested—though without proof—that the Earth at birth 
had a Totatinn period of ^ hours and subsequently^ as a result 
of the attraction of the Sun and Moon, slowed down to its 
present jf4 houis. In spite of the immense period of time over 
which this retardation would have taken place, the process 
would inevitably have caused an important change in the 
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sh^pe of the Birth, sinoe a very rapidly rotating body must 
be flatter at the polM than one rotating more slowly. 

Because of iu atmosphere the Earth happens to be com¬ 
paratively immune from the direct effects of lethal rays from 
outer space. Space itself is flooded ivith radiations of every 
known wavelength and strength, emanating not only from 
the Sun, but also from the stars, and other aggregates of 
matter in outer space. The well-known cosmic nUra-hiEh- 
frequcncy raya arc particularly fierce, and the source of their 
immense energy waa for a long time one of the great mysteries 
of cosmic physics. It is now known that these rays consist 
chiefly of the nuclei of hydrogen and helium atoms which 
travel almost at the speed of light—hence their eictraordinary 
energy. How this energy is built tip, and how such fantastic 
speed is achieved, can only be inferred from recent experi- 
mentswith particle accelerators- Jn these complicated appara¬ 
tuses,, protons (hydrogen nuclei), alpha particles (helium 
nuclei) and electrons are accelerated to immense speeds by 
means of electro-magnetic fleldt. It is probable that the same 
process occurs in nature. There may well be electrical fields 
of tremendous force on every sun; they are certainly known 
tio CRtst on ours. Furthermore, the immeasurable distances of 
outer space may also contain magnetic clouds of similar 
potency. It is obvious that this ultra-radiation throughout the 
vacuum of space must be of annihilating strength and a 
menace to every form of life. 

As has been indicated, the perfect defence against these 
deadly radiations is the atmoiphcre which envelops our world 
like padded armour. (The great majority of mctCOIS, lOO, on 
entering our atmosphere, bum up at a great height and turn 
into harmless dust, as any "shooting star" shows. Only the 
eKtremely rare giant meteors penetrate the atmosphere and 
survive to make an. appreciable dent Ln the Earth’s surface.) 
Over the vast range of electro-magnetic radiations, oyr atmo¬ 
spheric envelope cuts out all but the narrow band of " visible ” 
light, infta-red radiation, and a section of ultra-short radio 
waves between 1.5 centirnctres and lo metres in length. Not 
until the present century did we flm become aware of this 
second "window into space", and then the foundations were 
laid for modern radio astronomy. 
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It is only in recent times that the composition of our alhid- 
sphere has l>een fairly accurately determined. How fit it 
extends upwards is still a matter for dispute. The top of the 
exosphere—where the atmosphere evaptorates into absolute 
space—lies perhaps 1,000 miles up, though qf course it has no 
clearly deAued upper limit. The region in which we live and 
breathe^ the region of weather phenomena^ is the troposphere; 
it is about 5 miles high at the poles, and 10 miles high over 
the equatorial regions. Above it, there is a narrow intermedi¬ 
ate layer, the tropopause, itself surrounded by the sento- 
sphere whith^ though not sharply demarcated, extends up¬ 
wards for about another 45 milts- Above this again lies the 
immense ionosphere, so impcitant in long-wave radio 
transmission. 

The constituents of this vitally important mixture which 
we call ’^air” are, at ground level, 7S.1 [>er cent nitrogen, 
so-93 per cent oxygen^ o gga per cent argon, o.og, per cent 
Carbon dioxide^ with traces of the rare gases neon, helium, 
Kcnou and krypton. (Its content of water vapour varies enorm¬ 
ously.) Up to a height of miles, the rdativie proportions 
of the elements remain much die same; but higher up they 
begin to change, though nitrogen and oxygen still predomin¬ 
ate. Ait pttssure and density steadily decrease. At a height of 
^0 miles, the ground pressure of i,doo millibars (=750 milli- 
metres of a mercury column) has already dwindled to one- 
thousandth of that figure, and at i^o miles up it is a mere 
i,ODDjDoo,oooth. Atmospheric density diminishes sintilarly. 
Whereas at ground level a cubic centimetre of air conlaina 
the fantistic number of 10^* (lo with i& noughts after it) 
molcculesf in the ionoaphere at a height of 160 miles the 
ntimber of molecules ia a mete 10". 

As regards tempieratureSj the situation is somewhat unex¬ 
pected. It is a well-known rule that the higher the colder— 
the decrease in temperature being 0.6* C. for every 100 metres 
feet) upwands^nd it could be teasonably deduced that 
this decrease would Continue steadily into the upper atmo¬ 
sphere. Yet measuring instrutnenu sent up in high-altitude 
rockets have revealed an entirely different state of affairs. In 
accordance with the rule deduced from measurements made 
in the mote accessible region of the troposphere, at first the 
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Ccmpttatuinc dtwj in fact continue to fell steadily to - 5*” C^j 
from thi-i pointj up to a. height of i; tniles^ it remains con¬ 
stant; then from 1 a-30 miles up it jncrefljfj to o'" C. From 
50 milei to a height of about 60' miles it drops again to - 90* C. 
This is followed by a fantastic Lncrcasc to -j- Soo" C- at heights 
of over 115 miles. Modem measurement goes no further; so 
for the present it must he assumed theoretically that similar 
high temperatures prevail in the very outermost regions of 
the atmosphere. Though the " temperature 0! these layers 
is so high, the actual '‘heat" is inappreciable—an extra¬ 
ordinarily interesting and apparently paradtHtical pheno^ 
menon. Astronomy has discovered similar conditions on the 
Sun, for there too the outermost tenuous atmospheric layers 
extend deep into space at a temperature of 1 ,jooo,ooo'* C., 
incomparably higher than that of the actual surface of the 
Sun, which is only 6 ,ood^ C. How Is this possible In the case 
of Earth, and how is it that we notice no effects? 

The answer is that we have been following a fellaclous line 
of reasoning. If it were possible fora man to ascend to the " high 
temperature ” aimospliere in a balloon, he would not bum 
to {^th—he would freeze. And freeze to death at Goo^ C. I 
What we call " heat” is the effect of molecules in a state of 
motion. The faster molecules collide with one another the 
higher the temperature of a gas or any other form of mattcr- 
Therefore the varying spee^ with which molecules strike 
against the human body produce the different sensations of 
heat and cold. But these sensations arc valid only for condi¬ 
tions in the world inhabited by us, where there are vast 
numbers of molecules to impact on one's body and produce 
this sensation. In the uppermost atmosphere the air is w thin 
that even the increased speed of the molecules " heated ” by 
the Sun's rays to an apparent temperature of 3 oo'^ C, i$ no 
longer sufficient to make up for the vast decrease In the 
number of molecules in producing hcM. Similar considera¬ 
tions apply to the high temperature of the Sun''s coronaj where 
the atmosphere is equally attenuated. 

Our atmosphere is full of mysteries and peculiarities. A 
very important phenomenon is that of ionisation, which occurs 
at varicms heights in the atmosphere as the result of penetra- 
lion hy ultra-violet radiations from the Sun, ronisation is a 
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process quite easily linderstood, even by the lC 4 St scientifieilEy 
mindedh as the fello^vlng brief description will shew. 

Every atom consists of a nucleus and one or more electrons 
surrounding that nudeua. The nucleus is positively charged, 
and the electrons negatively. In normal conditions there are 
just sufEcient electrons present to balance the positive charge 
of the nucleus, thus making the atom as a tvhole electrically 
neutraL For Instance, in the case of nitrogen there are 7 
electrons present in order to balance the Y positive units in 
the nucleus- In oxygen there are 8, These electron "envel¬ 
opes"" are ca-sily damaged by outside innuences. 



5. Model of an a]tygen atom 


Ultra-violet radiation can knock out one or more of the 
negative electrons, resulting in the positive charge in the atom 
becoming predominant. Thus the atom 15 ionised; it has 
become an 100, This process takes place on a huge scale in the 
outer region ol the atmospliere, which is consequently called 
the ionosphere. The whole process can be regarded as a 
perpetual battle between the invading ultra-violet rays and 
the protective atorns and molecul.es of the air, in which the 
atoms, despite heavy losses^ destroy the biologically deadly 
radiations. The impact of the rays gives the atoms that 
increased velocity which manifests itself as an Increase in 
tempetaLure. 
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FoirJ:unaL«Ly, the atom& and mokcute^ are cotitinually 
vcgenemtiTig themselves. The released electitm very soon 
Finds an ion which attracts and combitiLes with itr This usually 
happens at night, when there are no ultra-violet radiations 
from the iSiin. Also, the splitting-up (dissociation) of Che 
molecules into individual atoms of which they arc made up 
is generally shorolivod. 

These processes vary in duration and do not always take 
place at precisely the same heightj but there arc certain 
regions where the liberation ot the electrons (electron concen- 
EtaciorLS] reaches a maximum, and where extensive electric¬ 
ally condnctlve (ionised) layers persist for varying periods o| 
time. Formerly these layers were called after their discoverers. 
—Heaviside or Appleton^—hnt noev they are generally known 
as Dj. E, and F layers (with furtlier subdivisions). These are 
the layers which arc responsible for blocking the penetration 
of most Wavelengths from outer space, and also for preventing 
similar waves from escaping from Earth into space. In radio 
technology it is well known that waves of certain Lengths arc 
intercepted by atmospheric layers at different heights, and 
deflected back to Earth again. Without these ionospheric 
layers there would be no long-dijcance radio. 

Such, roughly, is the composition of our atmosphere as we 
believe it to be today. In the very earliest times of Earth's 
existence it was quite different. 

Mention has already been made of the hydrosphere: the 
realm of water, of rivers and oceans and lakes. Its importance, 
as the antithesis of dry land> is obvious enough. But very little 
is known about the siruetnre of the ocean bed. Up to a 
hundred years ago only the very vaguest ideas prevailed. 
Ineffective methods of sounding the sea-depibs left the abysses 
of the occaii svorld a mystery and their conAguration a sealed 
book. But things have changed since then. The invention of 
the echo-sounder has permitted continuous precision depth- 
mcasuring, which has been undertaken over extensive areas 
by a numlieT of internarionaJ expeditions, The echo-sounding 
system, Such as that developed by Alexander Bcbm in par^ 
ticular^ is quite simple to understand. On one side of the 
ship is a sound emitter which sends impulses (mostly ultra' 
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sonic) elown lo the sta floor, 'fheac wjifcSf irtdrt'ing always at a 
constant, known speed, reach the batuynn and are then 
reflected back and registered hy a receiver on the other side 
of the ship. The tinic taken hy the sound waves to penetrate 
down tiq the ocean ttooT and bounce back to the ship rcveRls, 
by means of a simple calculation, the exact depth at tha.t point. 
As a result of this invention, the inapping of the under-water 
world has progressed ivith amazing Tapidily^ even though 
scabbed contours^ may not be (jiiite as detailed as those on 
a land map. 

We may therefore apeak without exaggeration of the dis¬ 
covery of a new world which could not have been conceivable 
to sdence in previous centuries- In actual fact, this world 
often represents a direct extension of familiar dry land 
features. Here, as there, ate mountain ranges of varying 
heights, with gentle slopes and abrupt precipices, gotges, 
valleys, deep canyons, flat basins, table mountains, volcanic 
craters and towcring peaks hardly inferior to the Himalayas. 
One must remember, For example, that an island witb moun¬ 
tain-tops rising perhaps iO,Ooo feet out oF the sea, may have 
its base at a depth of 15,000 feet below the surFace, The sea 
level is indeed no more than a bialogical ftoniier separating 
diEEerent Foims of life. The shape oF the utiderwater world 
is, of course, smoother and rounder than that oF the dry land 
because it is not subject to the eBfecis of atmospheric weather¬ 
ing. The absence oF light {below a depth of about 500 feet) 
is strange and oppressive, but in general the seascapes resemble 
mainland Formations. One striking characteristic is tliat really 
deep sea beds are seldom contiguous to a continent, which is 
almost alwaya perched on a pedestal which ptojecta for a con¬ 
siderable distance all round; this pedestal is the sa-callcd shelf- 
region and is covered by, at most, 600 feet of water. At the 
edge of this shelF the ground plunges suddenly and relatively 
steeply to great depths. Thus the shallow North Sea is no 
more than a shelF which was dry land until, from the geo¬ 
logical point of view, quite recently, The Elbe at that time 
was immensely btoad, like a lake, and encircled the heights 
of the present Bogger Sank before debouching into the North 
Sea. Towering above its right bank there irose a varicoloured, 
forest-clad table-mountain which today is known as Heligo- 
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land. The Rhine ran noithwarda. over plaina towards the 
Do^er Bank and received the Thames as a tribuLary befcre 
Sc reached the sea- The ancicot conxses of both these rivexa 
has'e been clearly mapped. (See diagram on p. 35.) 



6. The Congo channel. An 
example qE a subterranean 
canyon 


Similar cjcamplcs of submarine channels are to be found 
ac the mouths of such great rivers as the Hudson, the GongOj 
the Mississippi, the Ganges, and many others. Deep river beds 
can be traced on the sea floor over the whole of the shelf^ 
regions, and most of these submarine canyons slope gradually 
downwards at first, flanked by steep walls, and then descend 
more and more predpitousiy in a series of steps until, more 
chan 60 miles out from the coast (in the case of the Hudson 
and the Congo, 90 miles), they^ plunge into the deep ocean 
thtough a mO'Uth several miles wide. The origin of these 
ehaimels is difficult to decide with any certainty. The most 
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plausible (Kplanaticiii inight seem to be the assutupiion that 
in caTlier times the sea level lay ODDStdcrably lower, and that 
its elcvaticm (or possibly the sinking of the continental shelves] 
submerged the got^ge* eroded by the riven. Certainly one 
coniribuioiry factor is the continuous sedimentation of the 
ocean ftoor, which would eradnally have raised the general 
water level, It has been suggested that, in every i, 04 O years, 
1 luillimetrc of sediment may be deposited on the sea floor, 
resulting in a corresponding rise in the level of water. Simple 
arithmetic on this basis suggests that the Hudson Channel, 
for example, was already in existence round about a thou¬ 
sand million years ago. But this is totally impt^tble, since in 
a far shoiter space of time the river systems in all the con¬ 
tinents have been frequently dcmo'lishcd and completely 
renewed in totally dlfEencnt forms. All European river systems, 
lor example, are the product of the Tertiary age, one of the 
most recent forrnations. A more likely theory ia that these 
steep-sided chasms have been formed by the eroding effects 
of ^st moving and extremely localised submarine currents 
of unknown origin. 

Nevertheless, the hasty arithmetical calculation referred to 
above, in spite of its error, did suggest for the hnt time the 
possibility of hitherto inconceivahly vast epochs in the Earth's 
past. And, of course, the formation of the oceans must have 
occurred appreciably later than the formation; of the Earth's 
solid crust. As far bsiclc as lyoo the noted English astronomer 
Halley (who Calculated the Orbit and the yS-year period of the 
comet named after him) put forward an ingenious suggestion 
for determining the age of the oceans. He assumed that the 
vLigin waters of the world were at first salt-free and that their 
present salt content was gradually brought down to them by 
the rivets. Therefore, he said, one simply had to establish 
the volumetric saline content of the oceans, discover how 
much salt a year was tnrried down to them, and thence calcu^ 
late their age. In Halley's day it was not yet possible to pro¬ 
duce the neceswry data for such calculations. Indeed, it was 
only towards the end of the last century that his suggestions 
were acted upon. The result gave the oceans an age of 
90^000,000 years. As we iotow today, this estimate is far too 
small—inevitably so because of the inadequate and inapplie- 
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able data ftotn ivhicb k waa deducedr The Earth's hydro¬ 
sphere ts much older than that; far older than all life for 
which it was the cradlen For, strange and weird as the Jlghtlea 
depths of the great expanses of the oceans may appear to us, 
they were the womb in which life first appeared and grew, 
the fount from which sprang the whole biological king- 
dam. 

After the atmosphere [air]| and the hydrosphere (water), 
next in logical sequence comes the lithosphere—the rocky 
covering of the Earth. But first some description mtist be 
given of the composition of the Earth, so far as we know it. 
This is a tremendous question which imfoTtunatcly can only 
be answered to a very limited extent, and with very con¬ 
siderable uncertainty. The secrets of the atmosphere are 
yielding tbcmsclves up gradually to the recording instruments 
carried by increaain^y efficient rockets and satellites- The 
aqueous world b being mapped by mean? of cebo-sounding 
in shallow watersj the mysteries of life are being studied by 
nutnermta scientific and amateur divers; while the deptlis are 
beginning to be plumbed by bathyscaphes. But tlie interior 
of the Earth temains. to all practical purposes, inaccessible. 

Yet maiikind ii nothing if not inventive. So much has 
already been successfully discovered, in tlie most diverse Helds,, 
by the use of " waves'' oE all sorts, that it would be surprising 
if some such means could not be employed to ^Tlluminate" 
the interior of the Earth. One source of a particular sort of 
waves originates within the Earth itself—in the form of earth¬ 
quakes. These natural disasters affecting the rocky skin of the 
^rth produce waves which travel over the whole world and 
are detected by seismographs (instruments svhich record 
vibrations on moving charts) in earthquake stations dotted 
all across the world. Thus it is possible to establish precisely 
the magnitude of earthquakes and the velocities of the waves 
which they produce, as well as other data. Since the wave 
movements obey the physical laws governing reRexion, refrac¬ 
tion, changes in velocity, etc., they are uiilLsed to form the 
basis of a very complicated but precise and specialised branch 
of geology which may very likely be able to provide us with 
considerable information about the structure of the Earth's 
interior. In particular, changes in the velocity of the waves 
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indicate varying cletuinles of substancesK and the oocurtenM oE 
auddcH violtnc changea at certain depths could be the result 
of corrcBpciJidingly srtddfln chartgea in the formations through 
which the wavta arc travclling^ which in turn auggeata that 
the Earth may be made up of a series of concentric shellj. 

The simplest piccLire of the Earth's interior was formerly 
deduced hrom the fact that the temperature inaide the Earth 
increasca by i'" C. for every loo feet that one descends. Accord¬ 
ing to this an absolute inferno must reign at a depth of 6o 
miles, and for a long time this by no means illogical, assump¬ 
tion tvas believed to be supported by the evidence O'f volcanic 
actEvicy. Rut such a conclnsLon is certainly false; for the idea 
of a gigantic incandescent ball enclosed irt an, eggshell-thin 
crust of nock is physically untenabler 

NoWj astronomical calculations have shown that the Earth 
as a whole has an average density of —that is, it weighs 

times as much as a sphere of water of equal siic {the 
density of water being taken as i). Since the rodts on the 
Earth's surface and iri the "accessible depths'' have an aver¬ 
age density of £.7, the density of whatever oompcsscs the 
eentre of the Earth must be substantially higher in order to 
produce the ovemU average oE 5^53, Hence it has been deduced 
that the Earth has a cote oE ntckel’inon, density S-Sn 

This concept of a Nife core {Ni=nictelr Fesiron) is the 
one accepted today. 

In measuring the siie oE the actual otnne of the Earth, calcu¬ 
lations were based on variations in the duration of earthquake 
waves coupled with the assumption of the Nife core, and 
Some appimimate figures were arrived at. From the centre 
of the Earth the core must eittend outwards for something 
over ajOChO miles, being possibly surrounded by a relatively 
narrow shell composed predominantly of sulphides and oxides. 
While the inner part of the cure is likely to be solid, its outer 
part is probably in a more plastic or fluid State, The pressure 
at the Outer surface of the central core is about 1-5 million 
atmospheres. 

The material composition of the deep interior of the Earth 
is still very much in doubt, however. Thus, In t'()40, the 
scientists Kuhn and Kittmann created a sensation with their 
theory that at the very centre of the Earth was imprisoned 
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genuine, anginal salat matter: that is, tnainly hydrogen and 
helium in a gaseous state. Even though the whole theory has 
been sttongLy challengedf [he incredible preKures prevailing 

at those depths—between 5 and 5 million atmospheres_ 

makes it possible that gaseous matter may in fact behave like 
rigid bodies and thus conduct earthquake waves. So far it has 
proved impossible to produce in laboratories the vast pressures 
necessary to test gasQ in such 3 statCr 

An interesting question is whether in the beginning the 
Earth Contained the so-called trans^uranic elements. These 
are elements fclcvcn 50 tar discovered) which are heavier than 
uranium, element and which aric not found on Earth but 
have been artificially manufactured in the course of extremely 
brilliant eMperimencs by atomic physicists. Their absence fncim 
the universe today—and spectral analysis docs not reveal 
them on the stars—can be explained by their strong ladio^ 
activity and, mostly, very short periods of decay, If they 
once existed in Nattire, they have long since radiated them¬ 
selves away and been transformed into other, stable elements. 
This whole question is one of extreme interest, because not 
only does the preaent-day manufacture of tranS'Urantc ele¬ 
ments show that man's ingenuity has achieved astontshing 
advances in penetrating the secrets of matter, but it may aTw 
provide an answer to the presence of so many heavy and 
medium-heavy elements on Earth which, partly at any rate, 
may have appeared as the product of radioactive decay of the 
ultra-heavy elements. Apparently this question has not yet 
been investigated by science. However, many problems about 
Earth and its origins still face us and at the present time can¬ 
not be solved. 

Another hypothesis^ proposed by a German, Professor Carl 
von Weiisacker, suggests that the planets of our system were 
born in a "cold" state, having been “baked'' solid from 
already coolcd matter. The great heat of the Earth's interior 
{as the centre it is believed to be as high as 3,850* C,) may 
have developed later as a result of intemal pressure and radio¬ 
active processes. 

Then, again, there is yet another theory that the centre of 
the Earth is composed of olivine (magnesium and iron 
silicates). But all this is no more than theory. The Earth's 
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InleTior hides its own secretj and is likely lo do so for a long 
time to comc- 

We believe we can be slightly more certain about the 
nature of the rocky covering of the world, especially about 
the outermost surface on which ivc live. Broadly speaking, 
this shell is divided—from the top downwards-—into tfvo 
layers: sial and sfnia. These names are instructive. $ial is 
ccunposed of the first syllabJes of the two elements silicon and 
aluminium, because these two in combinaticin form the pre¬ 
dominant rocks. Similarly, jlmo is derived from silicon and 
magnesium. The slal layer is commonly known as the granitic 
layer, since it transtnlts earthquake waves in much the same 
way as does granite. For similar reasons, the denser sima 
layer is called the basaltic layer, since it resembles basalt in 
this particular respect. 

The sial crust has an average density of about S 'Vj and 
includes all the main continental blocks but does not extend 
beneath the great ocean basiirs. It is thus not a complete shell 
CDvering the whole Earth's surface. It varies considerably in 
thickncss—commonly attaining a depth qf as much as no 
miles, though beneath the great mountain ranges it may 
penetrate downwards as much as 35 miles. 

The sitna layer directly underlies Eire oCcan-floor sediments 
and may possibly also extend beneath the continental siaL 
blocks. Nfatcrlal of somewhat similar compa&itian may extend 
towards the centre of the Earth for a very considerable dis’ 
tance, but at a depth of about 3 to 5 miles below the aima 
layer's upper surface a very sudden change of some kind 
occurs. It may be a change in chemical composition, or it may 
be a change in physical state, but whatever it is it makes its 
presence known by its eJfects on transmitted earthquake 
waves, ft is called the Mohorovi^i^ discontinuiCy, after its 
Yugoslav disoovercr, Below this level, we come to the vast 
thickness of material constituting the mantle. This probably 
consists largely of iron and rnagnesium silicates, and is some¬ 
times known as the fesima layer because of the high propor¬ 
tion of iron (Fe) present. In chetnical composition this layer 
somewhat resembles the rocks known as cclogite, peridotite 
and dunite. The outer part of the mantle is probably in a 
rigid state, but the evidence from earthquake waves suggests 
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a change from ihta to a imn-ri^td plsstic itate at a depth of 
about (tso miles. 

In orxlcf to discover what actually happens at the Mobora- 
vi£td dimontinuityj au imbitEous plan has bceu made to bore 
a hole that will reach down as lar as this disputed rone. 
Known for con’ieniencc as the " Mohole it will be boned 
from a floating boat first through the unconsolidated sedi¬ 
ments on the ocean floor, then through a narrow layer of 
consol [dated sediments and volcanic rochSj and then through 
the full depth of the simi until it reaches the discontinuity. 
The technical problems to bo mastered are considerable, and 
arc very different in iiattue from tltose involved in deep- 
boring on dry land. Quite apart from the cJttra depth (the 
deepest oil-well goes a little over s5.000 feet, or less than 
5 iniles)^ there is the problem of locating the hole at the 
bottom of several miles of water in the ocean when a length 
of core has been removed, and worn equipment is being 
replaced by new. 

Even if the Mohole does actually reach the MohorovitSii 
discontinuity, the evidence that it will giv^e us about the 
physical conditions at vastly greater depths will he only indir¬ 
ect. Mevertheless even accurate figures for the actual increase 
of temperature in the sima cmst will be very valuable, as 
many published values are little more than gucssM. At the 
exceedingly high pressures and temperatures existing below 
the Earth's outer crust, we can expect matter to behave in a 
very different way from that at the surface. Much of this roch 
material is in the form of magmci, a name given to a particular 
state where the rode mass is permeated through and through 
by bases and liquids under enormous pressure. The mass as 
a wliflle ta sufficiently plastic to be able to undergo slow move¬ 
ment, but, when the restraining pressure is released {as for 
example during a volcanic eruption), the magma becomes an 
incandescent mass and, "lubricated" by the endosed gases, 
becomes extraordinarily mobile and easily dispersed. It used 
to be thought that below the rigid crust all the rock was in 
this mobile and eruptive state, but now it is cImt that this 
state is assumed only in the neighbourhood of cracks and 
breaches in the rigid crust. 

Igneous rocks, formed by the cooling of magmatic material 
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from the Edith's depths at or ricar the surface, arc put into 
two main classes. FiiMly there art the extrusive ruci^, those 
which actually reached the aurhice where they flowed out as 
Java either on laiid or on the sen-bed. Secondly there are the 
intrusive rocks, which never actuaEly reached the surface 
whilst fluid, but solidified embedded in the surface strata. 
These intrusive rocks have been revealed only by subsequent 
erooion which has removed the overlying sedimentary beds. In 
each class of rock, the actual type formed depends on many 
different factors, such as the conjtitutiort of the original 
magmaj the rate of solidihcation (which is governed by 
temperaLure and pressure), presence ot absence of fluids 
saturated with dissolved substances which can enrich the 
molten rock as it cools, the degree to which the ma^^ia has 
engulfed portions of the surrounding (so-called "country”) 
rock as it bursts through to the surface, and so on. The permu¬ 
tations and combirtacious of these various factors can lead to a 
bewildering variety of possible results. It mttst be appreciated 
that the full description of the petrology (mineral composi- 
tion) of these rocks lies far beyond the scope of this book. We 
can do little more than mention the main types of igneous 
rock usually encountered. 

The basic lavas, derived from the lower sima and fesima 
layers, emerge at the highest temperature, and so stay fluid 
longer and thus flow farther. Basalt is the typical extrusive 
lava of this kind. Rocks of similar composition chemically^ 
but of medium grain siw, are called dolerite, whilst intrusive 
basaltic rock containing very large crystals (due to very slow 
cooling deep underground) may be called by the general name 
gabbio. The much less common rucks peridotite and dunite 
belong to this general group, but have fewer minerals present, 
and may well originate from even greater depths. These basic 
and ultra-basic rocks are very rich in minetala such as olivine, 
hornblende and augite, which are dark green or black in 
colour and contain much magnesium and iron. 

Rock, types exist which are somewhat intermediate between 
the basic and the acidic. An example is syenite, which the 
ancient Egyptians dug up at Syene (modern Aswan). These 
rocks often contain combinations of minerals not normally 
found together. 
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The more acidic lavas contotm to the average compoailioii 
o£ the slal layer. Very fine-grained lavai of this type. Tvhich 
must have owjled very fast, are exemphfied by sinch extrusive 
rodcs li rhyolite and daciie. whilst the famihar granite and 
gfanodiorite cooled mote slowly and so have larger crystals. 
These rocks are usually light-coloured, because of the abund¬ 
ance of quart! (white or glassy and without colour) and feld- 
spaT>—usually white or pink. Sometimes a single mineral will 
form very large crystals in the midst of a ground-mass of 
minute crystals of the other minerals present. Rocks of this 
kind are said to be porphyrLtic, 

When the hot. mineral-saturated fluids have cooled slowly 
within cracks in the cOuntiry-rockr wc have the most favourable 
circumstances of all for crystal growth, and it is from these 
mineral-rich veins and lodes that we extract vast qi^niities 
of valuable metal ores and gemstones on a commercial scale. 
Mineral deposits of this kind are often known as gangue. 

The third main group, after the igneous rocks which we 
have just discussed, and the sedimentary ones formed by their 
decomposition and ultimate re-deposition, are tlie metamor- 
phic rocks. These have undcrffOtie multifarious changes as a 
result of such influences as beat and pressurOf and arc now 
seen as something quite different from their appearance when 
first formed. Probably most mctamorphic rocks were origin¬ 
ally sedimentary^ but owing to tlie enormous tempeHtures and 
pressures created during phases of mounEaiii building and 
the upward movement of magtna. they have been convened 
into such rocks as phyllite, gneiss and schist. The intense lioat- 
ing of Hmeaione at soirie depth has produced marble (if the 
limestone were very pure) or homfeLs (if impure, with much 
clay present). Extreme bteml preaures have converted many 
clay-rich sedimentary rocks into slates, rocks which split 
easily into thin sheets. Some of the very old. metamorphic 
rocks of the pre-Cambrian may well have been formed in con¬ 
ditions no longer present on the Earth, for example as deposits 
in the ancient salt-rich oceans at a high teraperature- Some 
may even be the first products of the solidification process 
of the primal molten mass. 

At this stage, we can now consider the problem of the 
formation of mountains, an extremely difficult question^ and 
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ont ivhich has nevier been indispurably solved. Obviously^ it h 
easy to imagine EhaC cataclysmic upheavals in the lowest layer 
of nocks would lead to very considerable uplifting of the over¬ 
laying lock masses^ the original shape o£ which woiild be 
changed by tensions, fractures and faults. Similarly, very 
actist viilcamsm would lead not only to the appearance of 
volcanoes but also, as a result o£ the outflow of eruptive rock, 
to a considerable alteration in the appearance of the landscape. 
But what was the cause of that violent uplifting of the origin¬ 
ally homontal sediments which produced a large part of the 
mightiest mountain ranges on Earth? 

The physical (oncts necessary for such movemertts must be 



d. ^fountain folding as a result oE compression of 
sedimentary rack.i 

of enormous magnitude, and ivc must clearly seek their origin 
at some depth in the Earth's crust, because there are no 
surface phenomena which could pwisibly be responsible. 
Because this process of mountain-building has never been 
witnessed in historical times, we are compelled to fall back 
on hypotheses. The choice of these is limited severely by the 
small amount of knowledge we have about the formation of 
the Earth. The gravitational arrangement o£ the nock strata 
is dchnitely known to us. The light sial layer floats on top, 
going down to varying depths into the siina below. It behaves 
rather Like a block of ioe floating on water. We also assume a 
certain plasticity in the deeper rock strata, so that a drift, a 
gradual shifting of the sial continents, must at least be 
regarded as possible. Thus we are almost forced to the idea 
that one continental body may move across a deeply sedi- 
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inented sea bed towards anoLhcr continental body which h 
perhaps more deeply and firmly embedded in the sinoa, and 
in the proceu the intervening sediment is gompircssed and 
folded and finally forced up on to the Other continent. An 
CJtceHent espcTiment ilhistratirjE this can be carried ont by 
laying a handkerchief flat on a table and pushing it against 
the aide of a broad box until it finally oovera the box in 
multiple folds. This experiment is irather too simplef but the 
final effect certainly corresponds quite well s'/ith what has 
been observed in nature. A handkerchicEj however^ remains 
in one piece, whcrcsj the brittle, sedimentary rock will fre¬ 
quently break at lines of most violent folding. In this events 
the following masses will push themselves like blankets over 
the previously folded pansi. with the result that older sedi- 
rncmary tock. will often be found to lie above younger. These 
ate known as overfold mountains for Nappes), of which the 
Swiss Alps arc a classic example. The: possible combinations 
of rock strata in the event of snch folding arc almost incalcul¬ 
able, for every conceivable dincction of movement, as well as 
over-laying, capsizing and rc-capsiiing, is invoEved, 

That this folding process wa$ causetl by the above-men¬ 
tioned drift of continents is no more than a probability. We 
do not know for certain. But ho^v else can it be explained? 
Three geological facts must be emphasised in this conuectlon. 
Firstly, mountain building of this type was no localised, con¬ 
fined phenomenon. The greatest present-day folded mountain 
ranges—the Himalayas, the Caucasus, the Alps, the Pyteneej, 
the Atlas, the combined Cordilleras oE North and South 
America—were all piled up during approximately tire same 
periods: from the Jurassic to the Tertiary, chiefly during the 
Tertiary. Secondly, these gigantic foldings also took place on 
previous occasions, in repeated cycles throughout Earth's 
history, the cycles being intcmiptcd by long periods of 
tectonic inactivity. At least five such great epochs o£ folding 
are known. But probably there were even more. Thirdly, 
these folds almost always occurred in roughly [he same areas, 
always along the fringes of continental blodts., from which 
can be concluded that these blocks were comparatively strong 
and rigid and firmly anchored, and so remained more resist¬ 
ant Eo pressures which buckled their margins. 
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This conftnits erne of the asfiumptions about the way in 
which the folding pnijccss took plactK for here wt have con’ 
tincntal bfotk-'i it^ith&taiidiii^ a Lateral presiure. The evidence 
af cyclical Tepetition provides further cifuifirm;atian^ for it is 
known that even while ilie folding was in proceUj eKternal 
Forces came into action to wash ^wn the coweicing masses 
into the a^vaiting geosynclines (the huge down'Fotded troughs 
in what were at that time probably only shallow seas in 
which the sediments accumulated]. Then, after a given period, 
4 further folding took placc- 

The vast area affected is less easily explained. It seems as if 
half the Earth's cmst were suddenly set in rnotion- What 
Was the Caused 

This is an immense question to which the answer is ^tih 
far from certain. Fora long time the view put fonvard by the 
geologist Eduard Suess (1331-1914), the so-called Theory of 
Contraccions, held the field. This was based on the once- 
acccptcd idea that the Earth was an offspring of the Sun, and 
had cooled rapidly. This cooling would have proceeded from 
the outside inwards and, as a result of further loss of heat, the 
rock. Crust originally formed would have bKomc too laige for 
the centre of the Earth, which had shrunk even more. And 
since a freely Floating crust could not remain poised around 
the space which was inevitably forming inside it, it would 
have followed that the solid surface of the Earth would give 
way to the gravitational pull towards the centre, and press 
Itself into folds against the shrunken kernel of the Earth. The 
shrinking of a dried-up apple provides a perfect illustration. 
Undoubtedly, the sinipltctty of this hypothesis is attractive, 
particularly because, in regard to the tectonic processes which 
may have been released by a shrinking of the Earth's core, it 
allows the widest possible field for analysis and speculative 
reconstructien. In actual fact it hag. never been txmfuted, 
though it has been displaced by otlxcr and more modem hypO' 
theses which seek explanations in accordance with the laws 
of mechanics. 

The present-day view of the structure of the Earth and its 
history as a planet suggests that folded mountains were far 
more probably the resuK of lateral pressure than of ftactujncs 
caused by shrinkage of the ernst. Some further conclusions 
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arc almoit scU-rvident. ImvitablyH a contiEicrt mosL bcctjme 
lighter ai its surface is eroded- Equally inevitably, the accumU' 
lation of Mdimeni will impase immense prcEsure on the ocean 
bed. But if the Earth's core were absolutely rigid, the uniy 
logical consequence of erosion would be a levelling; down oE 
the continental surEace and a raising of the ocean surface, 
which would long ago have Jed to a world completely coivered 
by water. Since this has not happened, we arc forced to non- 
sider other processes which may help to provide an estplana- 
tion. For instance, a lighter continental Woclt may float up 
Erom the sima. Au cKample of this, from our own cm, is 
Scandinavia, which was for a long period buried under a 
tremendous covering of ice, the weight of which submerged 
it. After the melting of the glacier^ it surfaced again, at the 
rate of about three feet in every hundred years. In the 5ame 
way that a decrease in weight can lead to a rising of the land 
surface, so the bed of the ocean can sink under additional 
weight. Both processes can cause tremendous upheavals—in 
the former case a release of pressure, and in the latter an 
increase of pressure. To a varying CKtent, probably in propor¬ 
tion to the magnitude of the forces operuiing, the lower depths 
are brought into motion and react with upsurgings of mag¬ 
matic masses, not only where the continental blocks have 
risen but also in other directions^ laterally fiwn the sinking 
geosynclincs. Because equilibrium of pressure cannot be 
achieved at appropriate depths towards the centre of the 
Earth, .sideways movements of the magma are usually the 
result. A consequence oE this is a rising and sinking of the 
Earth's surface in the most widely di^ering and distant 
regiems. A state of equilibrium is achieved via the plasticity 
of the suEj^urfaco, but this is pre 3 ein.'ed at the cost of every 
imaginable dislurbante on the surface, such as mouniain- 
building, oceanic Inundation (transgTcssion), shrinking of the 
ocean (regression], and vulcanism. This state oE emtiattled 
equilibrium t>eneath the Earth's crust has been given the 
technical name of isostasy. 

An even more extreme hypothesis is that which postulates 
a subcurrent in the layer of magma, which is assumed to 
■"conduct'’ atmospheric conditions—the moving masses oE 
cold and warm air—to a "fluid sone” in the Earth’s Interior. 
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Kere there arc suppMcd to ht radioactive processes ivhicli 
keep the malleaMc rocks hcsited to a Huld state, while the 
cold ocean floots wort as counteracting coolants and thus 
serve to control the flonif of roclts, 

Such a process ts within the realms of possibility. U could 
easily have led to sitch movements as have tnoiilded the 
surface of the Earth. 

The actual transfoTmaticfn of the Earth's shape from a very 
rapidly spinning eHipsoid to a geoid—a ''near sphere"—as 
a result of tlie slowing down of its alleged original period of 
rotation from 3 lioura to the present-day 34 hours, could have 
led to considerable changes in the magmatic layer. 

So we arCj in fact, faced with a number a£ conceivable 
possibilities which may all have some sort of relationship to 
the truth—even the oomraction hypothesis. One thing is 
sure: that it is not possible to account for all the tectonic 
phenomena by any one hypothesis. We do knorv also for 
certain that, throughout its history, repeated and often funda¬ 
mental upheavals kept altering the face of the Earth. .Moun¬ 
tains came and went. Land became water, and water land. 
And—in actual fact—all this occurred so gradually that the 
changes would have been almost imperceptible during a 
brief human lifetime. 

But, minute though the effects of the forces at work may 
seem to be when considered against the background of almost 
infinite time^ it is time which provides the solution to every¬ 
thing. 

So now it remains to determine tlie value of time, the 
great unknown in the equation which confremTs us. 
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The Riddle of Time 


TiJ.fi; as an experienced fact is a. cnncemporary concepc; and 
jjfobably everyone thinks he knou's, it ii. But dtlFicukin 
soon arise when One is a&ked Lo define icr for then one starts to 
stutter menially as well as verbally. In the past, philosopHcia 
were always responsible for the deftnitiori of such futtda- 
mentals, and in this respect the dictionary can supply their 
amrrer; As distinct frntn space, time is the arfan^gement o[ 
things and events in an irreversible Order, Tiine can be 
reganied aa art absolute, one^dimensional contLiiuiiin which 
from the standpoint of the present is Infinite iifhether looking 
backwards (ihe past) or forwairds. ^the future).'' That is a dear 
and certainly helpful deiinition. But it is only valid for 
philosophical modes of thought. It is of no use tq modem 
geophysics, which pursues its own especial and particular 
way. The very expressions "absolute" and "infinite" which 
are the basis of the definition have been transformed by 
Einstein Into their opposites, into "relative" and ''finite”. 
As a physical reality, absolute time is meaningless, for it can¬ 
not be measured by any conceivable means. The only thing 
that is mearSurable is the lapse of time between events hap- 
pcning in space. And this lapse of time is related to the spe^ 
nf light Eh a vacuum miles a second). The time-unit 

of a second, as experienced by an observer in any given 
astrojiomical system, lengthens according to the speed of that 
system, and if the system should approach the speed of light 
(which is physically impossible) time would come close to a 
standstill. At first sight, this stretching of time is an absurd, 
incomprehensible phenomeno.n; hut within the framework of 
the univerK as conceived by relativity it is not only logically 
irrefutable but has been recently proved by practical experi¬ 
ment. The proof was found in the conditions prevailing in 
the Earth's upper atmosphere, mentioned earlier, where the 
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radiationii from otiLer ipacc bumbard tfin; atoms of the lono- 
ipbeve andj with the kss oE wme oE thcLr own energyf relcB^ 
inter alia so^lLed mu-mewns as secondary tadiaiions which 
stream on^vards co^vaid!; the Earth's surface and even into it. 
Since these particles have a very short Jife (experiments in 
atomic physics have determined that the halfdiEe of a mu- 
mesen is of the order of a millionth or less of a second), their 
pa.s$age through the atmosphere would come to an end after 
about 500 yai^s. But the fact that they nevertheless travel a 
distance of hundreds of miles is an effect of their own time " 
which is enormonsly ‘'stretched" by their extremely high 
^'elocity. 

The inanity (endlessness) of time, too, at least badtivards 
into the past, has been strongly doubtedr Time must have 
begun someivhere, just like space and massr AmJ before this 
beginning there can have been no earlier time I 

There is no point in talking here of logical impossibilityL 
One must try to follow the thought processes of modem 
cosmology (science of the universe] and to understand how it 
has arriv^ at these daring and apparently absurd assertions. 
This is particularly important for our purpose, since, with a 
passible backward limit to Time, ^ve would immediately 
have a perfect means of calculating the age of the Earth, a 
definite value for that unknown x in the equation which 
must establish its age^ for In no circumstances can the Earth 
be older than the universe to which it belongs. Probably it 
is younger than the Sun to which we seem to st^nd In a sort 
of child-mother relationship. 

A mere three decades ago there were only hypothetical and 
very unclear Ideas about the age of all suns. Even the most 
eminent scientists had no hesitation in estimating their age 
at billions and billions of years, which was tantamount to 
recognising infinity in the past. But all this was rather sud¬ 
denly and radically altered. The theoretical works of Einstein 
and others, together with intirumental investigations into 
the nature of the universe, led to extremely interesting 
conclusions. 

It is very well known—but we may as well repeat it—that 
our solar system is part of a vaster cosmic unity—the Milky 
Way (Galaxy), This immense system includes, beside our 



THC ftlDDLE OF TIME 

Sun, abcut too.ooo.ooOjMO other suns, j. 5 well as immense 
douds of dark, and luminous masses o( mitter in the form of 
du&t or gas, and also minutely divided inter-stellar material 
(single atoms and molecules in the vast spaces between the 
individual staT^i}. The shape of this community of stars (the 
fixed stars in the sky arc without exception suns like ours, 
even though their physical attributes such as diameter, dens¬ 
ity, temperature, etc,^ may vary vastly) must, seen as a whole, 
resemble a flat lens. It is composed of a massive centre, a cOnc 
around which, rooted in that core, a number of spiral " tent¬ 
acles " stretch out into space. The diameter of this lens is about 
100,000 light years (i light year =±5-8 ^ 1,000,000,000,000 
miles). This whole gigantic formation awims rather like an 
island in the ocean of space, clearly defined at its cxtremitLes, 
indeed ftamed by over too spherical clumps of stars, each 
camposed of approximately ioc,oOO comparatively crowded 
snns. 

Everyth] ng in the galaxy is in motion; both tbc system u 
a whole and its individual parts and member stars. And hete 
too the principle of revolution about a centre prevails. Our 
Sun, for cKample, which is in one of the spiral arms of the 
syatem, about gJtpOOO light y^srs distant from the centre, takes 
about S40 million years to revolve round the core. This 
" coamic ” year has recently come to play an important role 
in geology, as will be mentioned later. 

It is impossible to explain briefly how astronomy has 
reached such precise oonclusionsr Actual optical observation 
proved to be the least useful of the means at the astronomers.' 
dispoaal, for wc are Bituated at the middle of this island- 
universe and for many reasons are unable to perceive its 
structure from the inside Looking out. To arrive at an under¬ 
standing of this structure required generations of continuous 
observations of movements and distances, inspired deductions, 
the data provided by radio-astronomy and, not least, the draw¬ 
ing of analogies with similar systems lying out in infinite 
space, for our Milky Way system is very from being a 
unique exception in the cosmos—it is more nearly the rule. 

Over past centuries astmonomers identified a huge number 
of shimmering spots, mostly spiral in shape, which were once 
called '■ spiral nebulae " and arc now more correctly termed 
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^'spii-it jj^ilaxies". Ai it iva£ believed tliiit iht^c wtrrc 
rc^ly coimte cloud [onnadouj. Bue Ka.iiE In his yo\it,\\ W3s 
one oE the (mi to suggest ttiat these were not clouds at all; 

thc^ ivcrc cluitc:r^ o£ itara rcacmbling mir owji Milky 
tVay only 50 immeasurably far off that in their aggregate they 
appeared to us as clouds of light. This viesv achieved wide 
acceptance without, for a long iline, iMing provable. The 
final, indisputable proof only came in the present cciituiy 
when American astrouojners, svith theii' uliva-sensitlve instm- 
mtnis, were able m detect some rciTinirlabiy nsetul sLsuf^i, 


+ 





+ 


5I1. Position of the 
;^iulloniCidaGalaxy 


Icnown as Ctphcid variableSj In the spiral galaxy of 
Andromeda. 

This very Andromeda galaxy provides an obvious 

campaTison to the spiral ^laxy we call the Milky Way, (or it 
resembits it remarkably in form and structure, although it is 
coosidcrably larger. At any niie we can assume that our own 
galaxy would look something the sauru: it ivc could observe it 
from a distance of ^ million light yearsj foi- the Andromeda 
galaxy is at least that far away from us. It is, as a matter of 
fact, the furthest object in the whole sky that we can sec with 
the naked eye. On a clear night it ibsines like a pale spat, just 
visible to normal eyes, gleaming across that immense distance. 
It can be found a little beloiv the right side of the W shape 
of Cassiopeia. 




Tlie known as M- 31 (ihc ■” 

An<lromtOa,), abooi li~U million ligln ytiiifs aw^iy. [a umiiy rt^pcclK 
it accent to itaeiiiMf! own Milky Way. 








t Pflrt of tlie Milty Way in (lit constelLTlLcm of SaifirtaTius. The apparently 
itar-ltsi regions -iit immense dark cloudt. 









Rock farm^ilioTis. ncor Cu7.co In Peru, planeJ dmen’ by ihc action rvf ice. Ev idence ofrorTiner glociniii 






Ql* tfwj Moon’s surPaoc, shoovin^ I he ^rtat Marc Imljr[imi (Sra of 
in}j the Lunar Alfjs {i^p the Lunar Apennines (^pajko- rij^hs) and 

Elic huge enuen or Plato {iop, *u^} and Ar'chtmcdes femfrs}. 
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In order to avoid a possible Tntsunderit^iiidirLg, it mu Ft be 
clearly stressed that nunc of those ejitem:il galaxies arc "in " 
any given constellation, because all the stars fomiing those 
imaginary "pLCtllTei" (stars which are onl^ OoincidCntaEly 
associated together irlien seen fmtn the vict^point of the 
EanhJ, belong to our galaxy, whereas alE the spiral galaxies 
form their own systems far outside our own. Their verbal 
connection with the names of Milky Way stars merely indi¬ 
cates the direction in. which thcLsc extra-galactic (outside the 
Milky \Vay) uhjceis are to be locitcd. 

Throughout the whole rcalTn of space these galaxies ssyarm. 
Their forms and appearance vaiy% though vi'iihin biirly narrenv 
limits. Same appear to ns as narrow strips, oonccniraied at the 
ccritre (core); others wc can see clearly and fully as magnili^ 
cent spirals. Others, again, appear as tightly rolled spirals, 
or as almost spherical in shape or even without any visible 
atruciurc. The further they lie out in space, the Fainter and 
less perceptible they are, naturally. Finally, the capacity of 
the searching eye at the telescope reaches its limit, llere 
photography comes tn our aid, for photographic film has the 
great advantage over the human eye of being able to accumu¬ 
late light impressions. By exposure for long period^—In 
extreme cases for as much as loo liourfi or more—the photo¬ 
graphic films or plates conjure oiti of invisibility minute 
specks whoM light is too faint to be perceived by the human 
eye, and thus the frontiers oE the cxplorahle universe are 
pushed farther and farther out. 

Telescopes almost entirely devotetl tn this photographie 
exploration are the gigantic instiumciiLF of the American 
observatories, particularly the soo-inch reflector on Falamar 
Mountain in California. Direct personal visual obsorvatian 
of the heaveuF has now rerreiied well to the background. 

But in photography too there arc optical limits which as 
yet <^nnot be exceeded- The farthest spiral galaxy which the 
:«oo-inch reflector can teach by means of photography lies 
5 jOoo rnillion light years out in space. To date, the total 
number of perceivable universes has been estimated at about 
1,000 milliun, each with an average of perhaps io(^ooo,tx>o,ooo 
suns. 

Is this the limit of the cosmos, the universe? One's every 

c 
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inclinaLton \t m lay "yes”. Biit only tlic poivcr ttf our Ittis has 
faiJctl LJSj i^hLcIi cao he na reason for proolAhnJng an end to 
space and fui Lher uotverses. The corrccincss o£ t]>is vieivpoint 
has l>cen proved recently by the laiest clevclc?|nn.ent in the 
aspTjnomicsl field—radio-astvononiy. l^'Siilc optical histru- 
ments such 3^ the conventional telescope opci-Aie only with 
“ visihlc" light, llic radio-telescope works in the tealm of 
electiomagnetic wavcS which ennhlc it to detect even more 
remote objects which cniit, :is ti result of comj^licntetl pvo- 
cesses, short radio iviives, in the ccntiTiqctie and metre Imnds, 
which can penctntic oiii' atmostiherc. These radiations :ire 
consideiTibly longer than light x^'aves mnl thcrefnio have the 
iiiiportani advantage of being able to jiiciirc, w’itliotiE loss oE 
intcnsiiyj even the densest ronceiiLiAttons of dark matter in 
space which would powcifnlly diminish or e\'en totaliy 
ejitingtiish ordinary light waves. So tve can now look forward 
to receiving these racEiatio-ns across distances so great that 
light is no longer poirerfnl enough to bridge ihcio. And 
indeed wc have already received on radio’telcsoopes (not 
telescopes in the oonvcntionjil setise, bnt gigantic aertiEs) 
signals from invisible spiral galaxies that loiist be at least 
(3,000,000,000 light years aivay. and possibly much more. 

Up to this point ive have not touched upon the problem 
of " boundlessness ", tlie endlessiiiefis oE space as the counter¬ 
part to the infinity of time; and there is nothing to prevent 
our assuming tliat space, beyond the limits of terrestrial per¬ 
ception, continues indefinitely. Nevertiielcsa we caii manage 
to put a question mark nEiei' both possibilities of iniinlty ;iocl 
thus to a slight extent subdue these monstrous conceptions 
which Our minds sirnply cannot giAsp. Einstein's theories 
culminated in a scries of assertions and almost dogmatic 
demands. Il must be h'ltc this for tirat and that to bn .m. And 
this involved a dental of tluit infinity of space which Giordano 
Bruno had prophetically proclaimed and which had tubsc- 
queody found acceptance iti W'estern thinking. According to 
Einstein, on the other hand, space niusc be finite. The proof 
of the possible correctness of this bold assertion provides! 
by the American astronomer Edwijt Hubble (iSSp-qg^g), 

Obviously, one of the tasks of astronomy is to ascertain 
facts about movements in space. For discovering radial movc’ 
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m^nts—ttuiL ij, those directly toTii^nirds or aiiiiy from our point 
ol observation—there is an asconisliinyly [n^cnidus and sure 
mcanj which maVcH. it possible to cilcLilate, fov example, 
radial irinvcniicnts df tiie sl:its with ttiiexjiected accuracy. T his 
method is based on tlie line shift in the spectrum of the 
stars. 

That may sound 2 tittle obscure. Althou^i it) this book it 
is not possible to cJilai^c upon the marvels of iii»ectniiri 
Einatysis, an least cure may ejiplain the j^rinciplc on which 
these nicasttremcnts arc based. Spcctntin analysis is the ana¬ 
lytical invcsti^tioir of By means of an ariangcineot of 

pvisms or else by diffractiini gratings, the light is drawn out. 
into a bL'Ofid b;rnd [ihe continuous spectrunij in whicli—like 
the lain bow—there is n gradual change oF colour fiona red 
through orange, yellorv, gneen, blue, indigo to violet. As is 
knowrr from cxperijncjrtif oil Eartl], every cletnent in an 
incandescent state emits its Own chaiaCtcristic speCLi'nm. 
Beiaiuse oE certain atomic peenharities, thei'e oeenr in the 
atmospheres of the stars loveisals of the bright lines of many 
elements, making them appear as dark lines. (In the Sun these 
arc nimcd ■‘'Fraunhofer Lines” after their discoverer,) Thesr 
lines are the key to ''cosmic chemistry'', to ottr knosvlcdgc of 
the chdniical campdditiOEi of the lieaveoly bodies, oE the 
pliysical conditiojis in rvliiclr ibey exist, and of rrmeb other 
inEorniation about tbein. For our purpose it is LiniKFrtant to 
stress that each line imist appear at an absolutely definite 
place in the spectruur Ijaiid, Ikctuss Nature has assigned to 
CS'ery rnondchroiiiatit; light nry emitted it5 own particuiiar 
lucutiort in tile speLtmin. The Cdldiirs in the spectrum are 
arranged according to ivavelength, red having the longest 
and violet the sliortcst. 

Now' It frequently liappctii tliiiL tlic dark lines (witidt, 
rcmemljcr, are dearly idontiliablc) arc foimd uot to be obey¬ 
ing tliis inflexible place-aiTangemcnt, but to have shifted 
sideways, either towards the I'eil or tlic violet end of the 
spectrum. This phenonienon. called the Doppler effect, hai 
been interpreted as follmvs; if a star is moving away from us, 
the lines shift towards the nctlt if it is approaching, they shift 
towards the violet. From the extent of the shift compared to 
a standard .spectrum, it is possildp to calculate precisely, by 
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ncfciencc to ihe constfiiiL velocity of light, the actual velocity 
of a star, 

Tn the same ivay os thCfe inca&Urcmcnts arc made for indi¬ 
vidual Mars, the piiocedurc can also lie applied to e?iira- 
galactic systems. Only ill tliese eases it is not possible to isolate 
the light of an individrLal sun; it is the ''super-spectinni'' 
wlrich has to be studied, the light tvhicb emanates Erom nil 
the star^ in an exteitial galaxy. And noev cotres Hubble's 
great di-'iccivicryr He (and others after him) cstabtislicti that 
the spectra of almost all ilie extra^galactic systems sboiv a 
shift toivards the red, ivhich means that they are all moving 
aih’iiy fjotn ns. This astonisbitig fact ]>ccoincs still more amaK- 
ing it'hcn calculations showed that this ''[light" of the 
external galaxies becomes Faster tlic farther off they get. It 
even appears that the increase follows a definite law according 
to w'hich^ for every additional million Jighc years that a 
system movos fartliev away, its velocity increases by nob miles 
per second (the Hubble constanE). Very soon, galaxies were 
discovered speeding a^my from us at 15,000 and ijj.ooo and 
even nioi e miles per second. To date, che adtiiowletl^d i ceorrl 
is held by a very remote systeiu moving at almost half the 
velocity of light. 

These iigures are nothing less than fan East ic, for ivIibSti 
our own Milky U'ay we encounter ^'elocities of. at the most, 
a fciv hundred miles per second, (The rcaJ s|Kcd of onv Sun 
round the centre oE the galaxy is roughly 7,;; miles per second.) 
So the fact that the speed of fliglrt of that record galaxy is 
already approaching half the velocity of light gives foot! 
for ihongliL 

The latest revision of the Hicbblc consrant enables us to 
calculate the ultimate distance at wliich universes will reach 
the speed of light—at least 9,000,000,000 light years. This 
means that stellar systenas moving aw'ay at such stipcr-speetlfi 
would disappear from ooi" ken, for tve ktiow of no means of 
communication that travels faster than light or, for liiai 
matter, any other electromagnetic ivavcs. 

Et now seem-s, from more recent investigutions, as if the 
Hubble constant is no longer ^'alid in those unknown regions 
of maKimum velocities, and that tiic spoed of these fleeing 
galaxies iiicreiscs at a decreasing ratc^ In which case the 
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Eim it in^ distance af 9,oof>,acK>,ooo ] igh c years can bt i iit:ireasfd 
apprapriiitely. if (as is frctjuciitfy done) ihesf CaniasLic 
velociLies of the distant systems are reg^nJed not as their own 
acttial laic of mot ton but as an eifect^ as the expansion of the 
total universe, the fact still remains that in those “JCE'ons” 
the oLtCEision yf space coTnes to an endj for distance and 
Velocity are very closely connected with the age oE the cosmos, 
which can be calculated from them. 

A divine command saying “AEiont turn and liaclt at the 
£a me speed 1 ” ivould. mean that all bi ts of ma e ter in the cosmos 
would, have to converge on a centml point from which they 
are at present flyiirg away like the fragments oE an exploding 
bomb. Then—to take a mean figure^—in 6.000.000,000 years 
the eoncejitmtiEin ivould be completed, i£ the known laws of 
motioEi still prevailed, and all the suns, planets, rctoons, 
nebulae, etc., would be diaintegi'ated and compressed into a 
hypothetical ■'primeval atom" from, the explosion of which, 
on one theory, tJtc univctlic ivas created. 

Admittedly, tlicrc remains still the possibility that this 
primeval atom mtty have existed for an uriimaE>nably long 
time in its original state, so that the period oE G,ood,ooO,000 
years may be increased by any figure you like, but modem 
physicists do not care to indulge in such speculations: for 
good reasons, yf cyursc, since they prefer to assume the origin 
oE the cosmos as being at that particular point in time. 

Ono of the most striking consequences of the theory of 
relativity is the sratement oE the cquivnilcncc of mass and 
cncTgy: that Is, these two fundamental concepts of physics 
arc not entirely independent oE cich Other, aS hatl been takOEl 
for grunted up to but are idctitical atid interchangeable. 
Mass is only a manifestniicnn oE energy, energy in a " frozen'' 
state. Experimental physics in this century has proved this 
brilliant concept completely, Almost Ijcforc our eyes, looking 
at photOSrapli iq plates, there takes place the transfoTmatiyn 
of invisible, masvle^ ratliations into elementary |iarticie£ oE 
mass: a Eld, vice versa, radiations from elemeuEary particles 
assuEne the form of pure energy. On these very processes is 
based the principle of the atom bomb and virtually all 
attempts at the titilisation of atomic energy. And the equiva.. 


AJiP THJ-lN frAMf. fJAPf 


7a 

Icm valijct!pn>ciscly canfoi iii lo lKo rAciujiis EiLi!s.ijciEi (orniiiln: 
Emmc- {cnGi:gy eqtials mass Limos the square of the velocity 

of 

What, then, do the (feolog^ista have to say to this asttociaini- 
cil contributLoo towaixis the solution of theiv Eoughest prob¬ 
lem? To btyin with, the imuiciisity of the time element docs 
not stagger thent, for thc^' haiT long .lopcpted tliat the vast 
variety of geological clianges, ineluding the cvokition of life, 
must have Tequired alnrosi inconceivable eons o£ tiiEie. Also, 
geological experts themselves have not been inactive. They 
too have found pn^siblc ways of determining the age of the 
Earth. 

The attempt to calcuhte the age of the oceans Croin their 
salt content has alre:tdy been iLientLoncd. The resulting 
answer of ^,ooo,och> ye^ov is far too low, as it is bascti on the 
present rate of deposit of salt, whicli is known tn be exception- 
ally high. 

Another possible idea aias to take the i-.ite of sediincnt.-niou 
as a basis for calculating the age of all the various stratified 
rodts. But lien? the uncertainty fitctors are daunting, for this 
very irregular process ran scirccly be granted oven tlie moflcst 
accuracy of a saud'CEock. .\Iorcover, the ligurcs of the total 
depth of all sedimentations are pure estimates anrl vary 
enoiruously. The highest figure suggested is around jjoo,cioo 
feet, Assumijig that a layer of ij feet takes 20,000 year.-? to 
deposit (a very dubious guess), then one arrives at an answer 
qf mnre than 3,ofjo,ooo,oou yeaas fov the Earth's age. brom 
ivhat ivq know from Other soturcea, thk result .rofnzdj a fairly 
likely one. But it cannot possibly be used as a basis for 
scientiEc caleulationv 

However, we live in the age of atomic pEiysicn whidi now 
plays a pan in pmctirally all the realms oE uatLiml science. 
And it rvas from this qu.Trter that help came to the geologists, 
through the phenoinenoo of natural radioactivity. 

!$ince the discovery of tadiLim it has been realised that the 
atom is not the ultimate, indivisible unit of matter, as the 
ancients believed = indivisible). The atomic nuclei 

(which alone determine the chemical properties of an element) 
are, with the exception of the common hydrqgeti atom, com¬ 
posite formations of an often extremely complicated structure. 
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Jn the nucleus, electrically positively cliar]gied protons are 
RMociatccJ with electrically neutral nentrans. Rut only the 
protoiifi cleterEniiie the charactcrisiica oE nn elctnent and its 
place in the periotlic system. In the case of the lighter ele¬ 
ments, the number of iicutnona usually corresponds to the 
number of piotons; but in the heavier elements [he neutrons 
are always far more nunicroLJs thLtii the pmioiLS. Variations 
of the number of neutrons hi the same element produce 
isotOpeSj which are merely tllltcTent " kinds'' nf the same 
clement. 

Certain elements in which the nndci contaiii a smaller 
number of protons than of itcLitmus arc unstable aud OKpcI 
a number of nucleons (a general name for ncuLrons and 
protonsj to achieve Stability. Tills uikes place chiefly through 
the discharge of lielluiu unclel (comijosod of s protons and 
s ticutrons], which ii the ivcihknown procew of alpha-radia- 
tion. All element in this state is mdiocictivcr and rcmalnii so 
until, by discluufging sLiihcicnE bcliLicn, it finally reaches a 
condition of sfabllity which enables the hitherto ''overfull'' 
nucleus to continue to CKist in peace. But In the meantime 
a rniiiDi- miracTe lias occurred, for the ot igitial elcmcnt'--ca!ie 
radium for tm otainple—ti now no longer radium, but by 
the loss oE successive pairs of protons essential to its chemical 
nature has turned into lead. This process of decay (which 
develops thvougli various Sntoiincdiatc stages) is eKticTucly 
eomplicatctl, but is precisely known. The im]>ortant. thing 
for our subject is the rate of decay oE these dements. In this 
connection the term "half-life” was introdLiccd, indicsitiiig 
the time taken by any radioactive substance to lose 50 per 
cent of Its original i^tdloactiviiy, i,e. the time it takes for half 
of the atoms to Llibintegratc. In liie case of radiiun Its halMife 
is ],&tj[3 years:, by wdilch time half of the radium atom; have 
decayed inlo radon; while the half-life of uonium—the real 
starting-point of the suhsccitcent ladiuni-lead disintegration 
—is 4-5 [tiDLisand milliun years. 

Now here a luchy circumstance helps us. I'he element lead 
has also a number oE isotopes {i.e. different variations of lead 
according to the number of ncutrouFi in the atom). Among 
these the isotope with the atomic weight of ifofi (a number 
indicating the number of ucutmtis pUrs protoiis in the 



nucleus) iie;ver occurs in nature except as a result of radio¬ 
active deca^r; indeed, it miglit be called uranium-lead, since 
it; origin; started with the di;integnation of uranium, 

One C2I1 t^hc a piece of uranium Ore and determine how 
much lead So6 is in it. From the lead content it is simple tu 
calculate exactly, from the tnflwn period of decay, how long 
[he nianiiim has been decaying, that is to say when it actually 
crj'staEliscd nut of a molten rock mixture, or when it was 
embedded in a certain rock, and this gives the age of the rock 
which would have been formed at about the aainc time, Such 
caktilations cm, moreover, be chccited. for not only lead is 
produced, but helium as well, and the qiiaiirity of lielinm in 
the rock should lead to idontica] time caiculatfons. 

In theory this method of "timing" is idonl because of It; 
precision and Ets wide application. Indeed it pros'ides a perfect 
clock over thousands of millions oF years in Earth's history, 
for the spontaneous disintegration oE ratlioaciii'e matter takes 
place with absolute retfiilarity, subfect to no outside influ¬ 
ences and, so far as we know, it is coinpFetcTy immutaljic. 

In actual practice matters arc slightly dilFcrent. First, 
uTunitim is not always to he found where SVC need it for our 
particular purpose. Ideally, in every tiniest fragment of every 
formation a urantnm clock should he dormant. Rut this is 
not so. In rhe tertiary strata none at. all has Isecn found. Also, 
it never occurs in metallic form, orilyas an oxide or ailt. which 
complicates invesEigations, Analysis of lead to dctcrniire 
whether wC arc dealing wfth lead anfl or merely "ordinary" 
lead can only he undertaken by a lather limited number of 
Specialists. Nothing can he done about the volatility of 
heliunfi—a very light gas—so that hitherto this means of 
"checking" has almost abvays shown dciiatfoiis fnot very 
great ill time') from the I'esults given hy the lead, Fiirthermarc, 
from the geological point of view, it is frcqnentlv not ixassihle 
to stgte with absolute certainty that a layer in which the 
Tnatcrial under investigation has been found licfongs to a 
dchnite epoch. 

So there arc a vfhole series! of cotiipllcatiun; which syiil 
undoubtedly be Dvercome in time by vrt5ikiiig on a broader 
basis; for, lutherto. really only the piiuciple lias licen tiicd 
out and proved. For instance, uranium alone double; the 
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possible uies of this meilwd, becn,uac it .illows qitalysis of the 
two tsoLopes, iioniuiTL J3& and 3a5, which have two entirely 
dilfeient disintegration, perintis and end up tis two iliflcrent 
isotopes of Icadn Hitherto sre bore been s^Kaking; of LUdiriLinn 
which cEids up os Iwid iofi. notorioits tw one of tire 

components of ilic atom bomb, dor^ys into lend S07. Eli oddi- 
tloit, it is not only the lead residue and lire hclitim txjiitent 
that are informativej but also the cbcnhcil effect of radio- 
activity on the surrinundin^ rock masses^ This biing-j ns to 
the sO'Called hato mcthixl of dating, wFiich uses simiJar calcu¬ 
lations based oil the rii^g-tJke itoiies of blOEiching in the sliiT' 
rounding lock, wincii are Cnnsed by rtidEulion; and Ft^r this 
mctiiiod iiot only uraiiiuni bitt also tboiium (hvhicli decays 
into leatl soS] and several isotopes of other elements are 
effective. 

Investigations of this sort have been made into meteorites— 
fragmentsoE matter arriving fixmi oiner spacc—which now and 
again, reveal traces of thmium or nraniuin. Calculations based 
on their helium content give an age oE up to 7 , 000 , 000,000 
years, a period that agrees quite well with present-day 00 n- 
eeptions oF the universe. But since the fantastically powerful 
ultra-radiations of outer space can produce atlditional helium, 
the above iigurc is cictiemcly dubious, and has recently been 
considerably reduced, which in fact has mcncly ineveased 
confidence in dte reliability of the inctbod. 

This type oF analysis has been carried out in ail parts of the 
world for several decades now. After many cEiccks and counter¬ 
checks the time-table of Earth's history Eias been estabJislied 
as set ont on pages 84 and 85. The figures from the palaeozoic 
onwards, in particular, can be regarded as salisFactoiy, and 
arc uulikely to undeigo any fui ther majov readjustment. The 
total age oE the ELarth Can be cstimatcfl at about 4,000,000,000 
years, a time span wbleli fits in rvell witlt the general picture 
of the universe. Some scientists bavc arrived at even higher 
figures; while others again regard this estimate as far too 
high. These hitter are very critical and mistnisiFul of calcula¬ 
tions based on physics. They say. pessunlscitally: what can 
one really know about primal Earth and its state? Who can 
prove for certain that radioactive decay has eoniinued through 
all time unchanged and ivith the regularity of clockwork? 
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Sucb doubts arc not ynincasonablc. We have only arrived 
at a certain stJi^e o? knowledge anti this is bound to be further 
adjusted and expanded. All we arc [Tying to shew here is how 
^videly separated benches o£ science, worting on entirely 
differicnt lines, arc attempting, with brilliant ingenuity and 
Einmcnsc labour, to solve problems that only fifty years ago 
were considered insoluble. 


CHAPTER I'OITE 


The Origins of the Earth 

Weeen the E.iTtb 'vas fomicrf ciii be deterEnined Etvirly 
accuraEel^ between .leequtiblc liitiiLii. [n iiny cn;!^c iti; nm^t 
be move than ycai's; and it iji unlikely to be 

okler t ban 4 nr j;,qnf].[>[>ojotic3 j'ChITR. How i t wa% foiTncd, on t bc 
Ollier hnriH. iji stilfc iibnost comiplclely itJibnmvn. Astronomy 
has nn compaittbEe eJiJiniple o£ a cnsniic net nl thus kind. It 
cannot even ]>e stated with certainty (altlionjili it is feasortably 
probable) that the planetary system of our Sun is a nonlial 
phenonieiion and not a solitary exception. Our ocarest stellar 
riciKhlioitr in spare, the star Atplm Cciitiutri which is "only'' 
4| lijjht years away," is too bir off Foi^oitr telescopes to he able 
to distinjptish any dark lioflies that may lie illnnunated by 
their own stins. Matheuiatical caleuEa cions, however, have 
been able to establish cei'Hin irvcgnlariiics of movement in 
the ease oEa tew near stars, w’hicb might indicate the presence 
of planct-siTicd dark bodies. 

Tbc formation qf our Earth is boiirld up ivith tllat oE ail 
the other solar planet? Overt thonglt it may not have occurred 
simultaneously. Fundamentally the process—tvhatever it was 
—must have been the same in the case of all the planets. Con¬ 
sequently, at tempts have contMiually been irade to establish 
hypotheses for the formation of tbc tvhole planetary system. 
Three poesibititles are assumed. First: the planets (including 
their SHatellites) were formed independently of, and simultane¬ 
ously with, the Sun, Second: tbc planets and! the iKitellites all 
emerged later but sliunltaneouRly from the Snn. Third: 
the planets were bom out of the Sun .RUcCcRsivcly, and the 
satellites were formetl snbscquentlyH in a :similar manner, 
from the planets. 

*^tc]l:tf nmurauly AEiJha Ctniatitl h [he bsrtj^lti Mart pride of pUct 

miisr RO loa rjEni tncaibcr ot dve Alpha CcnliiLri Sjfnan. knavni, apprnpTia,lc!r. 
as PrDxJinai, 
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The first possibility is supported by Kant's old hypothesis 
and von Weizsiicker’s new one. Kant was the originator of the 
primal nebula theory, which has never since entirely lost its 
place in the world of scientific thought. According to Kant s 
view the only possible condition which could follow upon 
nothingness was a state of chaotic, discrete matter. The transi¬ 
tion to the state of order which now exists was then brought 
about by gravitational forces which gradually swept the area 
of space containing the primal galaxy, gathering together the 
individual particles of matter into sun.s, planets and satellites. 
It was the forces of gravity, too. that caused the smaller bodies 
to revolve around the larger ones. 

In spite of numerous objections, the fundamental idea 
behind this hypothesis has remained startlingly modern. Quite 
recently von Wcizs;icker took it up again and investigated 
mathematically the possible states of motion (currents and 
turbulence) in such a primal galaxy. .Making use of his own 
ideas and discoveries, he formulated a hypothesis which 
removed from the Kantian conception several weaknesses, 
which explained satisfactorily the various peculiarities of the 
orbits and rotation of the planets and satellites, and which 
was capable of further extension. As has already been men¬ 
tioned, it seems probable to von WeizsUcker that the planets 
and satellites mostly were in a cold state when they were 
formed and that their internal warmth subsc(|uently derived 
from radioactive processes. 

The second possibility of the origin of the planets, that of 
a comparatively sudden simultaneous emergence from the 
body of the Sun, has been supported by a number of scientisu 
—particularly the English astrophysicist Sir James Jc.ins( 1877- 
—who have offered their own views and explanations. 
According to them, our Sun at the time in question had a very 
close encounter with another star. ITic increasingly powerful 
gravitational pull which developed as the two suns approached 
drew great masses of matter up from their surfoccs; this 
matter, at the climax of the encounter, tore loose and—widely 
scattered—streamed out into the space between the two suns. 
As the distance between the suns now increased and the 
gravitational forces consequently decreased, the pull on 
the detached matter was sufficiently reduced to ensure its 






AN I] THKK f:AM]- if AN 


cODiinucd Entlepcndcnt ixifitince Jii pjmcc. It (.[uickly fortiicft 
iriiifl sphel^e5 whicli thcnct-funi'aixl rotitcd icsund tlic Smi, 
whose own force of pi'ovcd decisive. 

This hypothesis, too, secins a sacisfsictDry arul ncccpfflble 
one in certain respects, ^md in many ti'ays ii i;; icmjitingiy 
oonvinciTig. Its weakness, in fact, dots noL lie in its mcclun- 
istic side, but in quite a diJTcrent divectfon. When lire hype- 
thejEs was first Fonnidatcctr Jeans also Lclieved in an CKLi'etnely 
liLgh age for the Earth. Tint since Earth’s estiniatctl age has 
now ]jeen reduced ro bet^ifCCii tl^e limits of ij anct ij.ooo.ooo.ooo 
years it has become apparent that t/ithin this ’’short" time 
there is no lilieiihaod of srccli a sttipendous cnwnnter between 
tiTO suns. In deed, a meeting of ttiis sort in tEic infinite dis^ 
tanecs of space most he so r'ave that the c^'erit can l>e disiniRsed 
as wholly improbable. And ilic hypollicsi.s will be rnlcd out 
completely if it is established, e^'en moTc coitainly than it is 
now, that practically all suns have planets. 

For the third possibility the French scientist Pienne Simon 
de L-iplace provided the basic cnneeptiEiEi. He 

considered that the primal Sun was a vapidly it^tating spEiere 
of Very rarefied, thin gas. 7'he onormoii.s ccntrifiifttil fojicc 
acting on it caused a cnriespondiiig tlefurmation oE its shape, 
3 Elactcning at the poles "and a huge hnige round its equator. 
This finally resulted in a ling of matter tearing itself loose 
and Kuril lug off into spiioe, where it funned iEitcs a fdanet. This 
happened as many times a? there .ire planets. In the .Hinmc way, 
satellites were formed from tlteir parent planets. For a long 
time the rings of Saturn were: regardcti as an acttial example 
uf this process in notion. They svcre assumed to be a satellite 
that had never completely develo|K;d. Totlay, hotvever. there 
is some snpport fot‘ a different ihcoiy, namely that tltc rings 
are tlte remains of a satellite tvhich, as a restilt of approaching 
too close to Saturn, was disintegrated by tlic pl.mct’-s force af 
attraction. (A satellite's distance fiom its planet has a critical 
limit which cannot i>e transgressed wiilront rlangcr.) Never¬ 
theless, this hypothesis, too, c.stablishcd itself aild was pro¬ 
foundly discussed for gcncratiuiis. In the pnst people fre^ 
quendy spoke of a combined Kant-Laplace theory. 13ut this Is 
quite misleading, as will liave been shotvn from the foregoing 
descriptions of the two hypotheses. Moreover, the two men 
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never collaborated and, in this particular connection, are 
hardly likely to have been even aware of each other’s worit. 

What really happened when the Earth was bom must be 
left as an unsolved problem. The only thing certain is that 
the formation of our Earth took place. And so real geology 
begins at the time when the Earth started on its orbit round 
the Sun—which would have been about 4,000,000,000 years 
ago. In order to gain even a faint idea of the closely connected 
spatial abysses of the universe and the immense lapse of time 
between the creation of the Earth and the present day, con¬ 
sider a radio wave emitted, at the time of Earth’s creation, 
from a spiral galaxy 4.000,000,000 light years away and travel¬ 
ling in the direction of Earth—a radio wave moving steadily 
through space at 186.285 miles per second, never changing 
its speed, neither obstructed nor delayed by anything. 
Througliout the whole of Earth’s history it will be drawing 
closer and closer to us. 

What, at the time of its birth, was the Earth like? Accord¬ 
ing to one theory, its original diameter was considerably 
greater tlvan now, an estimated 13,000 miles as compared 
with 7.91s miles today, and its general temperature was 
.about 6.000® C. 

The subsequent development of the young Earth can be 
deduced to a certain extent by the aid of mathematical calcula¬ 
tions and our present chemico-physical knowledge, especially 
since—knowing the state of the Earth as it is today—we arc 
necessarily concerned only with the cltanges that would be 
brought about by a cooling-off process. 

To begin with, let us imagine that the Earth was originally 
in a "solar” condition—an idea by no means proved, and 
strongly cliallcngcd by some authorities—and sec what might 
have happenctl. 

According to the Stefan-Boltr.mann Law of Radiation (i.e. 
the total radiation of a body is proportional to the 4th poww 
of its absolute temperature) the truly remarkable fact is 
csublished that a solar-like body the sire of the Earth at its 
inception, could only continue in that state for iso ycank an 
amaringly short time which really plays no part at all in a 
total time-framework of 4,000,000,000 years' duration. Earth s 
initial radiation of heat into space must have been so fan- 
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tasttcally wastefit] Ltiatwichln th;it bTt^Fptfiod its tempeiicurc 
ivuuld have sunk Erom 6,000** C- to ai iht 

end of iliLS stape *£ rapid cooIldf^ tlic licat liave come 

down 10 approifimaccly the liOiEing poim of silicic acid, a 
substance which much Liter played an Lni.porLant part in the 
creation of rocka. (Gmnite consists of up to 70 per cent SiC* 
—silicic anhydridejr 

Quickly as the glowing-gas stage passed, tlicre would liave 
been an equHilly rapid dec^tirraiitm of furihcr cooling during 
the glowing liquid stage. This ivonlri have been the main 
peri^ of goviLitive separatLon, that is the gradual oirganisa' 
tion of the elements and ilieir chemical cmnpotmds accord’ 
Eng to weieht, while the barth was consolEdaling itself into 
its pifiescnL-tEay composilion. ft would then ha^c: takcf] .mother 
Co.ooD.tKKj years before the red-hot stage af tmdev L.;^oo'^ C. 
iras reached and the First molten rocks (ortliocEase, tpiartz, 
leuciie} began to suggest a solid surFafe in the Foiiti of ilviEt- 
ing silicate blocks. This "surface” in turn was enshrouded 
by an extremely hot mixture oE light gas£s, a form of primal 
atmosphere, consisting of hydrogen, carbon itionoxide, super¬ 
heated water vapour, Liiimgcn, mcthane, sodium chloride 
and other admijciurcs- This itmosphctc extended much 
higher than tJiat of today and was also COnsicEembly heavier, 
SO that many solidincation processes took place under tCinpcra- 
tores and pressirres very different from those under which 
present-day experiments are eonducied. One must bear in 
mind that, according to this theory, practically the whole 
weight of the oceans. Lakes and rivers was at that period 
suspended in the aimosphere; and tvith the simultaneous 
"condensation" of its matter the Earth's diameter shrunk to 
about p.ooo miles. 

Only when the temperature had fallen tvell below the red- 
hot stage could the increasingly numerous floating blocks 
amalgamate into the Eartli's (imt. Still glowing, surface, which 
supposedly was ccrmposed of a continuous skin of granite and 
qulrti flooded Over with molten rock-salt. Thus dc^'doped 
a physical frontier between the Eartli's Fiody and the atmo¬ 
sphere, and the gloiving skin stage set iti. This may have 
lasted for more than 100,000,000 years, for the mte of the 
ladiatlotii of heat into space presumably continued to slow 
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down, and also the enormously thick atmospheric envelope, 
with the fresh addition of carbon dioxide and ammonia, 
further inhibited rapid radiation. The pressure of the atmo¬ 
spheric gases on a square centimetre of Earth’s surface must 
have approximated a^o present-day atmospheres. 

Of course, the formation of the crust did not suppress or 
conuin the hot. still predominantly gaseous interior of the 
Earth. What we nowatlays call “vulcanism” must, for count¬ 
less millions of years, have been a chaotic, seemingly perpetual 
state of affairs of which we can only form the faintest concep¬ 
tion. But in spite of the titanic clash of armoured sheets of 
rock and the plutonic, turbulent gas-discharging depths, 
temperatures sank steadily and finally reached i,ooo* C., at 
which stage the skin ceased to glow and the Earth was 
extinguished as a light-giving body. The glowing era had 
ended, and the dark era—the second main phase of the 
Earth’s phpical history, which continues up to today—had 
begun. Even the surface of the Earth was now wrapped in 
deepest darkness, eerily broken only by the reflections of 
eruptions of glowing l.ava and flashes of atmospheric lightning. 
The density of the atmosphere (being 98 per cent steam) shut 
out evct7 ray of “visible" light from the Sun. 

It will probably never be possible to reconstruct, even in 
the im.agination, the exact geopliysical conditions and appear¬ 
ance of the Archaean era which was now beginning. The 
diameter of the Eanh continued to diminish; its density 
increased. The core was compressed tighter and tighter. The 
formerly gaseous undei’-layers turned increasingly into magma 
(molten rock). The original surface crust, after being wildly 
torn and crumpled, was now thickened with immense layers 
of lasTi thrown up by incessant eruptions, and finally, in cer¬ 
tain areas that liad become particularly stable, the crust at 
last proved impervious even to eruptions. Thus the "primal 
blocks” began to form—deep pedestals of rock, reaching far 
down towards Earth’s centre; and these have existed with little 
change throughout subsequent history. Over and around all, 
weighed the ocean of air, convulsed by violent turbulent 
currents and electrical di-scharges. For the time being (and 
the "time being” may h.ivc continued for s8o,ooo,ooo years) 
water did not exist, since the atmosphere, perpetually heated 
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Ccologlcit Era | 
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Main Geological Divisions in Earth’s History 
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bv iNc w*arm suihice &f tHc Earth {still at tcntptratiires up to 
jioo'* C) waa twa iJot tor contlcnsition. So this pan ot tlic 
Archaean eira is called tbp auhj'dvons (tlic tvatericss). 

It would ccrtaiidy be a gi'eat help to oov 3sfitl]U|xions. nnd. 
iTiDie impoTtani^ a confirnaaiion ot our guesses, it aitTorioiiiy 
could find a corrcspoitdirig smte of alfair^ cLsowhcrc m the 
uiiiverw:- ^Viih reservations, the planet Jupitev fomtcfly ^vas 
regarded as the answer, since it was assiLinetl that its present 
cojiditLons resetnble that of the Arcbjtiit Eaitb- 

Wbai do we believe we know about Jiijjiier? 

First, it should be bonte in rtiind that while it may be as 
old as the Earth, it may also possibly Im considci'ably older. 
If, in spite of an equal or gieatci age, \i Is still so retarded in 
i ts development, sueh a sia tc of alfai i-s cait only be attri butabic 
to its sire, for its diamoter is well over twelve limes that of the 
Earth. In a sphere oE that inagnLiude the cooling pracc» 
would take place proportionately iiiyic slowly. Vet it is 
questlonable whether "tuore slowly" enuld cover n period of 
altiiDst 4,000,000.000 years- Morcovc]', the [act that Jupiter 
is comp^ of far lighter mullot tlian Larth must be taken 
into considcnitiOiiL Its average density is only (compared 
to water]. That requires very dlHcrejn ^ivdsticks from those 
wc use when considering tlic Earth, l-uitlicrmove. its con- 
sldci^bly greater distance from the Sun means tliat It is also 
subject to dilfcrciit inllucnces from outer space. Its ver-y rapid 
period of rotation—only jo honrs^—eould be taken as an 
indication of its ' youthfulness ' {In its anhydrous period the 
Earth is believed to have rotated in alitmt ^ ho in's), but also 
its great distance frorn the Sun nie.;nis that the Latter exerts 
less of a brake on its rotation than on neul'CT planets, l lieso 
are some uf the objeetions to comparing the curly Earth with 
present-day Jupiter _ _ 

The surface of Jupiter itself is unknown to ns, for it is 
hidden from astronomers by a dense, totally imiKJuctmble and 
certainly very deep atmosplierCj mainly contposedoF hydrogen, 
but also containing hydrogen coini>ounds such os methane 
and ammonia (CH^ NHJ. The lacE hitherto of any definite 
evidence of the presence of ^vatcr vapour mtd carhoni tlioxide 
docs not mean tliat these chemical compovmds are jioL present, 
since the deme enveloping atmospheric layer prevents obscr- 
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vation to any depth. Rut should they both be present, as is 
currently assuni^, then there is at least a resemblance to 
Earth’s primal atmosphere. Jupiter's atmosphere gives a 
picture of instability and change. Its very apparent ribbon 
structure is the result of the planet’s rapid rotation; its chang¬ 
ing coloration is caused by equally violent turbulence which 
looks very like a heating up and consequent discharge of gas 
from the inner depths. We are only able to make a direct 
measurement of the tempciatiu'c of the outer Layer of its 
atmosphere, which is about - 150® C. This is a quite natural 
conse(|uencc of the diminished effects of the Sun’s radiation 
and in fact tells us nothing at all about the actual tempera¬ 
ture of Jupiter’s surface. 

On the whole, it .seems that there is no real similarity svith 
the Earth. There is even a theory that Jupiter is composed 
of a core suiTounded by a mighty ice covering over which 
surges an ocean of liquid methane. It has also been suggested 
that the variegated coloration of its atmosphere is due to free 
chemical radicals, these being unchangeable gioups of atoms 
which participate in cliemical combinations but, not being 
molecules, do not consequently exist on Earth in a free form, 
fupitcr, however, accoiding to this theory, is permitted these 
fonnations as free entities! 

Another view of Jupiter is that it is a cold hydrogen-helium 
sphere, surrounded by froicn ammonia, methane oceans and 
an enormously dense atmosphere, the teirific pressure of all 
these reducing the hydrogen-helium core—already at a very 
low temperature—to an almost metallic consistency. This, 
of course, would present a totally alien picture, not corre¬ 
sponding in any respect to any stage of the Earth’s develop¬ 
ment, So it seems that everything we try to discover about 
conditions so far removed in space and time ends up as more 
or less tentative s|)CCulations about probabilities, which 
admittedly are made more attractive by the inexhaustible 
charm of the unknown. 

At all events, we feel confident that we know how the 
purely plutonic conditions upon the Earth were brought to 
an end by the appearance on the scene of their great antagon¬ 
ist_water. In order that the va.st quantities of water vapour 

in the atmosphere should liquefy under the prevailing 
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pi^ures of tliAL early eia^ lEic gertomi ToiiipcTRtiirc of the air 
i^uld have to EalL below C., lEic .Hd-rnlEcJ criLioal 

[empcnmire oE waiter. O^e day. in one jjartituErir ncsio'n of 
[lie atmosphere, this cnicst have happened. The steam con- 
ttcnsetl to diop^i. and strept doth'ii, in the fii'st real, rain-1 ike 
showers on to che Earth's surface. Piohalily it required 
millions of yc.iTS for contlElions lo rKicb tire paint where 
rvatcr first aoiually ixachcd the TOcky crust. Again and ttRain 
the Eiot Icnvcr levels of the alntosphove must have vaponrisetl 
the first water on itH deseent and driven it nptvards once 
more. Tremendous rli.Htnrbance-'ir with shattering piimcvnal 
thu ndcistO'rms, would have rent the whole AEinosplier-ic 
envelope. Local iscti bat incess^iut varEations in tbe ntmo- 
spEicrio prcssuiM: must have set np diaotic turhuicnccs tvbiclr 
finally ivotild have raged arouitd the hvJrolc o£ the Enirth's 
surface- As temperatures sank still luwcr, the raiirstontis 
cliatigcd to gigantic cJoifcibursLS, slrecis of rlcsrcntling ivater, 
which finally—yet only here and there bccaiisc oE a favour¬ 
able local lowering of air-pressure—would reach the surface 
of the Eatiir. And licve again, of course, tEierc licgnin a further 
conflict with the Itot .qnrfacc of the E,^rtEi, pachdneing new 
cloitds of fiteam whtcl^ must have shot iipw.'urtls almost like 
CKplosiotts into the atniosplici'c, anti tEicn descended again 
and assaulted the hot rocks with further drenching toi'renoi 
of ivatei'. Today ivc knenv who was the victor in this battle 
of the elements. 

The next stage was the appearance of boiling-hot primal 
seas in the shallows pitting the PiartTrs surface. TEic effects 
of the water on the rocky face of the Earth was of a magnitude 
never equalled subsequently. It is, indeed, obvious ch.at Earth's 
fii^t motintainous fntturcii pioduecd by snbteviaiiean forces 
sliould have been rapidly and com pi del y eroded by the hot 
flood and washed away to give the primeval sediments 
(l^lLly tltc mica schists, piira-guctsii, phylEEtes, etc.). The 
dimintslied pressure of the atiuOLsphere resnttijig ficm the 
precipitation of its ivaccr coitient, svould have protlucetl fresh 
volcanic outbreaks of trcmcntloLis injgnJtutle. The great jets 
of lava, like soaring fountains of fire, which fell b-ick into 
the steaming witcis, and tlte shafis of continually iiigzagging 
lightning, were the only illuminations of the raven-bJack 
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night that then reigned perpetually between Heaven and 
Earth. 

Eotu pa.fscd before the turbulence of the hydrous (water) 
era died dotvn somewhat and a comparative calm set in. (The 
duration of this primal ''frenzy*' cannot even be estimated.) 
The water liad conquered, and, as a primeval ocean, it now 
enveloped the Earth's sphere. It is not impossible that it did 
precisely this, and that only here and there a few high up¬ 
thrust rock points and volcanic giants broke the surfece of 
the svaters. Evei7thing else svas submerged. For this far-off 
period there arc no discoverable traces of foldings of true 
^imentary dry rocks. And it is extremely difficult (or 
impossible) to get at the original hard covering of the Earth 
which certainly formed the ubiquitous substratum for the 
later sediments. Where it is found today in the form of gneiss 
and crystalline schist, it has been heaved up by subsequent 
earth movements which began principally during the Lauren- 
tian Revolution. 

If, among the staid terms used in the world of scientific 
research, the violent word " revolution " is found, it can only 
be becau.se it refers to something that could not be described 
by any more moderate expression. And the later Archaean 
age started off. indeed, with a mighty, world-encompassing 
tectonic cataclysm nc\'cr to be equalled in subsequent up¬ 
heavals. A wave of mountain-building of gigantic proportions 
persisted throughout millions of yea it. Practically all Archaean 
folds date fi'om tliat epoch. It was as if the ivhole water-logged 
Earth surgetl into tectonic movement. From now on, through 
\ast cycles of time, there continued the incessant alternation 
of erosion, sedimentation and folding—up to the present era. 
In thus process the decisive role was played by the afore¬ 
mentioned primal blocks, strongly and deeply anchored 
masses of rock which stood in immovable opposition to the 
drifting, sediment-folding continental agglomerations. 

In the case of Europe, for instance, one such block com¬ 
prised Scandinavia, Finland and northern Russia. Geologists 
speak of a Finno-Scandinavian shield, a Baltic shield, a Russian 
platform, which, taken all together, are best described as the 
primal continent of Russia. In the case of Asia, primal blocks 
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were [Drmed by parts of Siberia in the region of the AnEara 
Rlvtt (AnRarahind], tlie tenltor)' of tire Tarim Basin (Set' 
iiidia), North China {SiniaJ^ and the Philippines (PhilippinJj), 
Other such blocks are West Australia, India. Aiabiar and 
almost the swliok of Africa (with tlie exception of the Atks 
MounCains). In the New World, Southern. Aigcntiitc, East 
Brajil, aitd Guiana, as well as North America around f-Tutlson 
Biyj irLChttlin}? Greenland, :ive primal rontinentfi. The Can¬ 
adian shield is jfenemlly gt-ienpefl together with Greenland 
and called Lturentirt (a LatiJiised fonn of Laurence; the 
St. La thence H.ivcr), Erom tvhich this whole tectonic revolu¬ 
tion received its name. 

It was probably at this time that the relief profile of the 
world (induding the floor of the sea] came intci being, with 
its towering mountHains, rivci-s. valleys, tlesevts, etC- Now the 
great game of endlc-ss variations conld begin. What cansed 
the rcvolii tionaty distudjance of the "sea-peacc” of the late 
Archaean period is still not known. The Earth's crust siai tetl 
to move, and that ivas that; and with that fact wc must con¬ 
tent oiifsclvcs. 

When, in point of time, tine T.-iurcniinu Revolution came 
to an end, can only be cstinnited vary roughly. The Eovih's 
earliest etas are virtually Inaccessible to move jjreeisc .asses-v 
ment. But to fit in with our geiieiTil timc-fi'amc, this propess 
must have ended aljout Jf to aA thousand million years ago. 
By then aljont half of the Earth's cstiiuatcd age hul already 
been "used up", certaioly no excessive lafwc of time for the 
great events which had by then taken place in the life of 
our pLaoet. 


chapter five 


Beginning of Life 


At tills poiiiLj sonieilniig mtisc fiist be said about the chrono¬ 
logical divisions and namings oE ihc pcrlcxls and eras ot the 
su-callcd "histoi EcaE" tinies wliich b^n with the Cambrian 
Period in tliq Palacomic Era. The table on pages @4 and 85, 
provides a genecal survey. There are a large nuntber oE difEer- 
etiL forms of nornenclatiirc, coined at dificrent times or even 
simultaneously iti different places, manv oE which have t^jn- 
tinned to be used side by side. The reader will find in other 
books and ivorks oE reference treatments of gjeokigrcal eras 
which may partly correspond to those given here but which 
have been set out from different locnil viewpoints. Funda^ 
mentally, the cotersc oE Earth's history is divided first into 
eras, iind these eras arc then subdivided into periods. Accord' 
ing to this SCheEne, the designation prf-drcAjifen indicates 
the world's "glowing eta". That the £ol[owing, extremely 
long time-period can quite simply be divided into anhydrons 
(waterless) nird hydrous (watery) phases Is obvious. But the 
latter is too generalised, so the nibsence or presenoe of liEe in 
the waters provides a criterion for further sub-divisions. One 
om thercFarc dcbiic an Azoic (or Archaean) Era. ivhcU no life 
existed and, after the appearance of life, an Eozoic Age 
{Avchaccttok, Proteroaiic) whiclt could be equated with the 
■' springtime of life ”. The very luture of these designations 
shows that life in the Animal world was given precedence in 
naming periods. Life in the early plant world has been some¬ 
what neglected. To be just, therefore, one should write of the 
Aphytie, Pglacophytic, and so forth—ivhich some palaeo- 
botanists have done from time to time. 

.SnbsequCitt divisions ol later periods are genemlly arranged 
according to the series of sedimentary layers, which have 
proved a great help to systematic geology. But it is only with 
the EoKoic Eta that they become clearer. It slrould be reracm- 
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bei'cd th:it all sinta fontiud etirlier than the Cambrian Period 
maji' correctly be nefcmefl to as " pre-Ciriiiljriini it isi only 
because of the vast thickiicssei of rock inwlvetl, and the ire- 
mcudmis time taken for their iiiFoiniialloin, that ^re ii'y to 
sub-divide these pre-Carntuian beds. There is, as yet, no 
uuivcvflalty acecpLetl system of dassincatlon for the pne- 
Cambrian. 

Id til is chapter we sliall deal with the rest of the Archaean 
Era after the Laui'eniian Rcrolutiou nind sIro M'hli the Fa»!osc 
Eta. 

OE [he periods into whicii tiro ED?nie is dividetl, llitr AlsfoH' 
quin Period, rccosuiscd by American jj™lDjp.Rt% f^ot its name 
from the group of American Intiians speaking a l.ingnage 
railed Algonquin. Their earlier Euillting grounds ireie in the 
neighbourhood of the Great Lakes, and heie rrere foiurd reek 
Rtiata ef t]ie era in quest ion, containing evidence of particu- 
lar irciporiance ivhich could he moiit luinutely investigated. 

Ill Britain tJie Toiridonian jccks, coricsponding to the 
American Algonquin, are narnet! after Toiridou in Scotland. 
Many other terms are used in other parts of the umtUI for 
strata ^ifhich ijiuncdiatcly precede the Qiirihrinii. 

At some time during the i.ocki million yeai^ assigned to the 
Euuitc Era, life must have begun on thia planet. But only in 
the most recent Eo^oic beds do ive find fossil remains. Yet, 
though tlicse arc rare and very sratteied, they aiH: ramavkabty 
diverse in form- 

In the cour.Rc of this iuimen-He lapse of time a giieat tleai, 
tectonically.speaking, must have bappeucd, though the details 
arc Completely luikiiOsvn. TEierc UTre probably endless cycles 
of erosion, scdimeiitatioil and muiintain-foldirig. Wc knoiv 

that there were Frequent upsurgtngs of gianttic racks from the 
depths, and belching eruptions of Imsic magmas. An extremely 
interesting but scajccly explicable fact is that there arc clear 
traces of ice action during the late Etxiioic Era tn North 
America and in Greenland, Soutli Africa and China—i.e., in 
widely separated areas. This is deduced from the presence of 
smooth and round "planed" rock surfaces, rifith traces of 
smoothing and sci"Jtch]ng such as arc known, from cxpen'ence, 
to be taitscd by the slow movements of glaciers. Although 
one must assume i steady, continuing decMrie in CciupcratLirej 
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iicvci iliclcss ilic licat of the ground, the ivaicr ami the atmo¬ 
sphere must still have been so high that it is someivhat hard 
to believe in a prolonged ice age. Even high mountains would 
scarcely have had the climatic ennditiom requisite to bring 
forth glaciers. Possibly these "lee Age" traces are aaually 
so-called "slickcnsides ", caused by one layer of rock moving 
over another, which in the early Eozoic would have been 
under at lca.st four atmospheric pressures and would therefore 
have profluretl a considerable effect. At any rate, that is one 
of the still uasolvetl mysteries of prehistory. 

During the whole of the period in question the atmosphere 
was virtually impcnctiable to sunlight, for it was dense with 
low-lying, high-icoaching clouds. Only towards the end of the 
early Eozoic was there an appc'arance of twilight, due to the 
continuing lowering in tempciature and the consequent 
decrease of steam in the atmosphere. Also the surface tempera¬ 
tures must gradually have sunk from about 170* C. at the 
start of this cm to roughly 35® C. by the end. The same drop 
in tcmpcmtiivc, of course, occurred in the ease of the sea* 
watem, which still contained considerable quantities of carbon 
dioxide, ammonia, sulphurcttetl hydrogen, iron salts and other 
chemical compounds. At the same time the atmospheric 
pressure sank from 8 to 4-4 atmospheres. 

The enveloping air now consisted predominantly of steam, 
nitrogen, and a very lai^c proportion of carbon dioxide. In 
addition there were not inconsiderable amounts of methane, 
ammonia and cyanic compounds. What was completely lack¬ 
ing was free oxygen. During tliat earliest era of rock-building, 
particularly the formation of silicates, the available oxygen 
was completely used up, so the invisible ultra-violet rays of 
the Sun—which nowadays arc intercepted by oxygen 
" buffers "—then penetrated unhindered to the surface of the 
Earth and even into the depths of the oceans. Broadly speak¬ 
ing, F.arth's atmosphere at tliat time consisted of a mixture 
of gases which could liardly have been more inimical to life. 

And yet. in spite of all this, conditions favourable to life 
eventually emerged—probably about 1.500.000,000 years ago. 

This extremely important date U located at this particular 
point in the time-scale because in the preceding Arcliacan 
layers there arc no signs of life, whereas the Upper Eozoic 
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is vei-y rich in chem. In face we may theoretically regard 
the first appearance of life on Earth as marking the start tyf the 
Eozoic, The oldest known, definitely identified, forms o£ life 
iverc discovered in the Algonquin magnetite layers on the 
noTth shore of Lake Superior in Canada. Here were found 
blue-green algae, loiver fungi and a dagellate, already a 
tiansitionaL stage of development towards animal Hfc, Its 
age, established with the help of the uranium-lcsid method, 
would be about i .j thousand million years, which coixespocids 
very well with other conjectures. 



10. Oldest blue-grccn alga hitherto discovered. Found in 
the tnagncLilc strata of Lake Superior in Canada 
(magni£catton x 900) 


How life originated is generally regarded as the greatest 
mystery of Nature, This problem of creation is enveloped in a 
whole tangle ol myths with which great thinkers throughout 
the ages have wirestled. But myths only obscure tbe pnobleiri; 
they reveal nothing and at best only replace one riddle with 
another. The origin of life upon Earth—creation as we call 
this process—is exclusively a problem for the natural sciences 
and can only be solved by their own methods of thought and 
investigation. This view, admittedly, has been bitterly con¬ 
tested. Eminent thinkers have repeatedly maintained that 
this alhimportant problem lies in the domain of religion and 
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metaph)'sics and not within the sphere of science. Obviously, 
in this argument, philosophical inclinations play their part, 
as well as age-old ingrained prejudices and those familiar, 
countless attempts, which have persisted throughout the 
intellectual history of mankind, to dicute to Nature precisely 
what her nature should be I This attitude produced the pro¬ 
tracted, often bitter disputes which, while persisting con¬ 
tinuously through the centuries and even right up to the 
present day, reached two great historic climaxes in the cases 
of Galileo and Darwin. The question of the origin of life was 
fundamental to all these arguments. 

Scientific methods of thinking and working have a special 
place in mankind's intellectual researches. They represent an 
endless questioning of Nature, based on experiment and 
investigation. Any answers received, having been elicited by 
unprejudiced inquiry, are accepted and incorporated into the 
existing body of knowledge. When, as is inevitable, uncer¬ 
tainties arise, hypotheses have to be built in as temporary 
bridges and detours on the high-road of knowledge, until 
further, more searching, questions enable us finally to estab¬ 
lish a solid causeway across this new territory. More of 
Nature’s mysteries having thus been resolved, another for¬ 
ward base is now established for further scientific investiga¬ 
tions. Essential to this process are absolute freedom of thought 
and conscious rejection of any disposition to regard any dis¬ 
covery as false merely because it does not agree with the 
hitherto proclaimed “laws of Nature". 

It is certainly superfluous to stress that, by these means, 
knowledge has made immense advances. A classic example is 
the evolution of the theory of relativity. Its origin lies in 
Michelson’s famous experiment, in which he attempted to 
prove, by means of the speed of light an absolute movement 
of the Earth through an assumedly universal "ether". His 
experiment started from the simple and (in classical physics) 
firmly esublishcd assumption that the speed of a ray of light 
(absolute speed iSfi.sSj miles per second) ovcruiking the 
Earth (whose own absolute speed through space is assumed 
to be 6ao miles per second), would, measured from the Earth, 
only have a speed of 185,663 miles per second. Results, how¬ 
ever, proved that the speed of light, irrespective of which 
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diTctiion it W^g comiing tnoni, was entirely unaiFected by the 
movement of the Eai’ihr In each and every case^ lijlit moved 
ai a speed of 186 ,jSj miles per secondf no more and no less. 
This drevc Michelson almost to desperation. He never realis^ 
that here he was telUng Nature what she had to dOh that in 
posing his question he also presented the answer which he 
expected. Einstein, however, accepted this apparently illogi¬ 
cal phenomenon as a nefw nfflumi answer which had somehO'W 
to be reconciled with reality. The absolute speed of light had 
been inconiiovertihly established by eKpetiment. If its nature 
defied all logic, then logic imist be ^vrong- and so the standards 
used for measuring the apparent speed of light must aliw be 
wrrmg. And these statidirds were time and space. By this cold, 
bold conclusion the ancient conceptions of time and space 
were shattered once and for all. and a new relativistic view 
of the universe was bom. 

Planck, too, waged an almost equally fierce battle against 
preeonceptions as deeply ingrained as those of Michelson. 
As a result of experimental researches into the behaviour of 
radiations he evolved a formula which would account for 
certain snegularitics he had observed, but this fortuula 
appeared to him so absurd in its logical consequences that he, 
with his conservative scientific outlook, believed that it must 
somehciw be defective. His formula required that the cmis’ 
sEon of radiations—a form of pure energy—should not be 
continuous, steady, unbroken, but should be in the form of 
a Htrcam of separate particles, of a definite size but no further 
subdivisible—quanta of energy, atoms *1 energy. To the whole 
contemporary world of physics this was an absurd conception. 
Today w^e know'—and Planck himself only realised it many 
years later—that the formula providci one of the profoundcst 
keys to Nature, On it dependv the system of quantum physics 
which Efi basic to scientific thought today. 

Acornic physics, too, at the turn of the cenCury, found itself 
faced with a similar crisis. The idea of the atom, a brilliant 
stroke of inspiration whicit occurred to the Greek thinker. 
EJemocritus. was. in the nineteenth century, virtually proved 
to be a chemical reality; but even the clas-sical conception 
postulated that it must btthe final, indivisihle unit. No one 
doubted this, indeed, until, in i^fi, the French physicist 
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Antoine Henri Becquerel discovered radioactivity, which pro¬ 
vided disconcerting proof that at least one element—radium, 
which was discovered by M. and Mme. Curie in 1898—could 
disintegrate by means of radiation into another element- 
lead. So that meant the end of all ideas of the indivisibility 
of the atom, and the fundamental transformation of all experi¬ 
mentally acquired knowledge of Nature. 

These are only a few examples of the game of questions- 
and-answers confronting scientists; they could be multiplied 
almost indefinitely. After the successes achieved by the use of 
such methods during the last few centuries, there is today no 
reason at all to assert that this or that problem can “ never " 
be solved. How can one possibly know that? Mankind will 
always go on inquiring. 

Even the mystery of the origin of life—a problem which 
many wise men have said cannot be solved—will one day yield 
up its answer. It is all a matter of posing the right scientific 
question in the right way. 

And already the questions are being put very cleverly and 
effectively. The problem has been "fenced in", and there is 
all the time in the world to pin-point it even more precisely. 
Every generation after us will know more than we do. That 
is a commonplace fact generally ignored. 

Everything described so far—the origin of the Sun and 
planets, the consolidation and cooling of the Earth—were 
chemico-physical processes; nothing more, strictly speaking, 
than changes in matter resulting from continuous loss of heat. 
But it was this very change from high to low temperatures 
that brought about the transformation of matter from ultra- 
hot simple elementary particles to the fantastic multiplicity 
of chemical combinations which eventually determined the 
composition of our Earth. The course of this transformation 
can be traced to a large extent by astronomical discoveries and 
laboratory experiments. 

In the beginning was energy, of which we know that, in 
certain circumstances, it is capable of transforming itself 
into mass—of "freezing" into mass. This "freezing point" 
must, according to our mathematical estimates, lie somewhere 
around 100.000,000,000* C. At first only unsuble mesons and 
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po&Ltron:^ ^appear. A Eurther loivci'ingol tempcnttiirc is needed 
to produce the mote Attible neiitrons., tvEueti iti tlieir turn are 
able to trarL^form theotielvea iirto protons and electron^. Going 
further tloivn [he lempcrnturc scale, ncnlrons and protons 
combine into ions, i.c. atomic nuclei, Thercrore ini Lite deep 
inieiJoT of most of the sim^ atoms must persist in an ionised 
state. In cooler slars^ partictdarly in their atmosphevesj atoms 
CDinpletc Ll]etTiFclvc5 with cletliou " envelopes ", At this poiMt 
occurs tlie first possibility oE simpic chemical combinations 
which are only one aspect of tire " citcliangcs " of these electron 
envelopes. For Liisrance, on red acitl tlicveEbrc low tempera- 
lure suns there are always more band spectra ivhicli are e-msed 
by molecules (carbon monoKitte. titanium OKide, etc.). If a 
really effective cooling process takes place—as u|>on Eai tli— 
then the number and complexity of cheniicai conthinatiocis 
increases almost cndlcssiy. With further lowering nf the 
tcmpcT3ti,iTie. the conditions of aggregation clrangCr Gases can 
beijorne fluid ortd even solid. The origioai atoms and luole^ 
CnIeS become minerals. irrct-F and water, inleimiiiglcd With 
and sun'ounded by gjscons eienienLs in pliysLcal mixtures. 
After the simple niolectiles, consisting only of a fesv atom.s 
(water and silicic acid}, there follows the cieation of larger, 
more compticsitcd giant inolecules, rather like Chinese boxes. 
Here a major rote is plniyed by cai'ljon, which is perhaps the 
most important and F'crsatilc of all elements. 

From the point of view of producing citergy, carbon plays 
a vital part in the majority of all suns. Up till quite rcecnEly 
^vhat the suns " lived on " was an unsolved mysteryi how was 
it possible that with their intmeuse outpouring oE cneigy 
they did not cool off in a very short time? {For CKampIe. our 
Sun loses every day through radiation fjGo.ooo,000,000 tons in 
weight.) Today we know that the suns are atomic power 
stations in wliich hydrogen is ooutintrously built up into 
helium. In this way so much energy is released that the loss 
by radiation is easity compenFated for and even over' 
compensated. 

This building ttp of an aiamic nucleus can Imppcn in two 
waysE either by direct impact of protons (of whicli hydrogen 
bomlK are a hideous CKample), or indirectly by juxtaposition 
oE protons with carbon atoms which through numerous trana- 
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9. (,-<4<«v) Starfish from the Lower Devonian slate. 
{Below) Trilohite from the Silurian. 
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i'nutat[&rt!i add 4 pvonons do iheir aivn 6^ iransfoim i into 
ncuEiiicis and finally expel ihe intTiiders pinotons and n 
ncuEions) in Ehc ^D]:m nf 3 compact helium nuclcu^r Wbiat 
reniahis i& the oi'iginal earban atom which ha^ merciy work^ 
as a caialysE. (fthia h the Bcthc-Weissiicher carbon cycle.) It 
SCCTT3S that this second method of generating energy operates 
in Ftuns. of our type. 

Now, wliat is the supreme iniportanoc of ovbon in out‘ 
worlds It lies in its eapsicity to build up molecular riitgs and 
chains of almost endless variety. In titis way emtcmely large 
and chemically complex molecules are formed. A particular 
example of this are the nucleo-pnoteins—the basic sub- 
staiiLC of all life. 

Up to this poiill the line of evolution of matter is straight¬ 
forward and fairly precisely knoivn, and might be described 
as SEreiehing "fioin the elemeiuary panicle to the giant 
molecule". Noiv these giant molecules cannot exist at high 
temperatuveSH so the heat of [lie Algonquin or T’onidonian 
Period was probably about right for their emcigciice—just 
as. for example, 93-4'' F. is, with slight deviations one way a\- 
ariother, the right temperature for life processes in the liuman 
body. And it was during the Upper Eoi!oic which, chemically 
speaking, was the stage at ^'hich giant molecules miisl occur, 
that Life first appear^ I 

Up to this pohii the development of matter had proceeded 
steadily and uninterruptedly, is one not therefore forced to 
the conclusion that life is but a furtlier development of 
matter^ just as mat ter wa^ a furdier development of energy? 
Everything living is composed of matter, of the same elements 
the spiral galaxLcs, the suns planets and Earth. And of 
nothing else. Life consists merely of millions qf differentiated 
forms and physical characteristics svhicb do not appear in the 
inorganic svnrid- ft i% in fact, just one further stage of develop¬ 
ment. It IS difEcult to believe that chain development oE 
matter tlirougliont those hundreds of millions of years would 
suddenly reach iis apotheosis in the giant molecules and then 
eome to a dead end. That is what one would have to assume if 
life had first spontaneously L>egun. wttli such highly organised 
beings as, for example, the fi^es. This tvould imply a com¬ 
plete break which scientific logic could not bridge. Btii, 

D 
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indei»i, jiucLi was not ilic! aisn. living ■naoro-tiiok'CLilc.H wcvti 
the ^rst tilings rroen ivbioh life stariod, imtl they wcinc Ehc 
direct nnd iniiucdiatc succeiisors of inoiigaciic inatLor Jt I'u 
Oil] mi [baling poiiitr 

Til is is not :i mcific .isisiet tion, fqr ivc aiic fjiniitiHi ir itfith 
oE aur^'ivin^ tnaicriu-inaleoLiles. The genes, for ci^ninplo, the 
cari'ieis oE hcTetLitai'].' Limits in Lite cEitioinosdntcs. stye stich, 
FtaTtEicrmotiCj the vtisi vealin of siih-microscopk virnseH, those 
vLLiDLis -snuiccs of diseases, icpicsent n iiansiLioiidl state 
hettveen non-U If ing and living rnatteif, IJkc the genes, they 
ane piutein lUoteenEcs with a ctfntent of nucloie acid, and 
thereloirc chemically siitiiEjr. But they ctystnlUse tike ciior- 
ganic matteV (a chai-acteniiiic of im living cell); they are 
coEnpletcly in ere when not inipEanted iji ai>y acceptable hosLj 
but they immediately beconte alive anti multiply wlicn they 
Can batten on to the light host. There is an almost magical 
awakening of dead mattev to )iEc, an amaicing traiLsition fttini 
inoi^anic to organic SLibscanee. 

Now viruses are by no means the oldest foi'na of life. .Since 
(hey need existing living bod id to bistcn on to in order to 
achieve tlicir own live state, they must Oibviously Itavc 
appeared later than their liosts. The vintse^ Eiavc been cited 
only to prove that in Naiui't there exist inaci'o-moleciiles 
wliich can accomplish that jump, hitherto bcliei'cd impossiljle, 
from the inorganic to the Olganic world. The investigation 
of viruses is now being intensively carried out throiLgliout the 
world so that in a few dct;tdcs we should know a great dc.il 
about liiem. 

TIuls the field of enquiry coirccrniiig the origin oE life has 
now been natroivcd dcnvn. Theie is no purpose in. searching 
elsewhere than in the cliecEiicn-phjaical processes of the giant 
molecule. Tire very defining of this objective is a great achieves 
mentj and that the objective is the right one has been 
Confirmed by the results of bi'illiant cKper-iments in America. 
Once again experimentation, tlic direct questioning of 
Nature, came into its own. Once again the fundamental idea 
was as .simple as all inspired ideas are. Tlie geologists described 
what must have been the tciTcstriaJ conditions during the 
Upper Eozaic Period and they stated also tlial at that par¬ 
ticular time life must have developed. Then, in laboratories. 
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ilinosE esaciijf the same physical conditions wen recreated 
and the refiiilts observed. 

This, was the actual cxpeiiincni. Se;n^h'ater, compoundwl of 
chcmica] ingredients believed to he of correct proportions 
for tliat period, raised to a [omperature of about 6o* C. 
aitd brought into contact tv’ith a ''pj inaal atmosphere "—that 
is one without free os^^cn,--jind then subjected to clcctricaT 
dtscharigca, simulating lightning, and powerful ultm-violpt 
radiation- 

Wliat ovotitLUilly happened that substances Iregan to 
npjiear irhich had 1101 been present at the start of the experi- 
nrent: these w'cre por[ibyrincs, the high-molecnlar Isasie con¬ 
stituents of ]uicmogh>hin, well as chlorophyll, and nnmer'- 
ous ainiiuj-oclds, the Irasic coitstitncnCs of living protein 
^^l] “created'" under aittficially a,irTangcd “Eoroic” con¬ 
ditions. 

For a start no more could lie ^^Kpeae^l. It th'as, indeed, only 
a start, using undoubtedly inpulequate ineanEh The boldness 
of attempting to reconslilUie conditions rvhich have noi 
existed on Eiirth for 1.500.000,000 years was buoyed up on 
faith in I lie acciiracy of the geologists' rcconfiimciion of the 
world as it then tvas. Riit stribing as the vesuits of this experi- 
lucnta] rccDtisti'LictLon are, oire innst benr Err miurl that it was 
largely guesswork and all the actual conditions pt'evailing at 
that far distant time arc certainly not yet knoivn, Itiitlecd. it is 
conceivable that geologists nrigbi learn, from the results of 
further experiments, what those contlUions really were, if one 
day variations in tire cjtperimental conditions sJiould lead to 
better results. 

Perhaps inany would irow protest that it is t|uite clear that 
life brgflii, even tliat it began iu the Upper Eozoic—but Acuo 
did it begin? Even with tire fairly |>osverfut tcstiiriony as to 
the possibility of a purely cheinico-physical process, there still 
remains the question: what next bappcticd to these macro- 
molcculcs. so that they suddenly became cridcn™! ivilh attri¬ 
butes svhich they hitherto bad not possessed, such as the 
posrer to feed aud to reproduce? 

These are, of course, the vital t[iEestiona to which so far 
there ire no ansivcrs- 

but one must always bear in mind that even 1 “dead" 
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atom is an exiremely complicated SLiuctiire. Consider a 
medium-heavy element such as iron. Its nucleus is compo«cd 
of protons and 30 neutrons concentrated inconceivably 
closely lOigeLhor in the smallest possiWe space—i6 positive 
elementary electrical charges held together by lightning-swift 
exchanges of unstable elementary particles ^twecti protons 
and neutrons at the critical verge between mass and cnergyj 
these exchanges occurring a thousand mill ion times a second. 
Then imagino this fantastic structure enveloped in a cloud of 
negative electricity, 56 electrons revolving round it at inered' 
ible speed. Quanta of every imaginable enei^-valgc dart 
about, arc swallowed up by the electrons, vary the distance of 
the electrons' orbits from the nucleus, are emitted ag;ain as 
radiatiuns with the electrons leaping bach into their original 
Orbits. Other clecircms arc forced out'—liberated from—the 
community by the energy-laden quanta; then the atom be¬ 
comes ionised, electrically active^ radiating energy which 
attracts other elccLrons, A simple molecule^ composed of per¬ 
haps so or 30 atoms, complicates this whale involved process 
to a scarcely comprehensible extent. But tahe now a giant 
molecule consisting of r00,000 atoms, and we have a structure 
of such lahyrirjthine complication that its internal interplay 
of energy cannot conceivably be analysed. It was this very 
complication which was of paramount importance in leading 
to the ultimate emergence of life. To speak extremely loosely, 
that "dead" molecule is already living in its immense multi¬ 
plicity of itioveTTicnts, repttlsions and attractions, combi rua- 
tiotia and equalisations of energy. Indeed, jU 3 t like all living 
matter, it reacts most sensitively to the slightest upset. A 
single impact-ionisation, the expulsion of just one of the 
million electroris from the molecular community, affects the 
whole ind'Cscifibably complicated structure and can completely 
transform a macro-molecule and even change its hitherto 
existing functions. 

We know this with oonsiderahle certainty from biological 
eKpcritnecits in mutation. Mutation—discovered early this 
century by the Dutch botanist Hugo de Vries — 

prov^ed for a long time to be an apparently inexplicable 
biological phenomenDn. It involved the sudden, .spontaneous 
appearance in plants Or animals of heritable variations from 
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the rLOi'm;a.l type. Welcome though the proof of the cidstmce 
ijf this phenomenon may have been to natural hijtori&ns, since 
it ultimately proved to be an important support for Damun- 
isin in the battle about the meaning of vaTiations in. speciesj 
the aauating mechanism was totally unknown and ihetefort 
left the door wide open to all and every sort of vitalistic 
speculation. Modem atomic physics has helped to solve this 
problem and has shown mutation to be a chemJ«Hpby»ical 
process in the realm of the giant molecules. Investigations into 
heredity revealed that the geti^s within the nucleus of each 
cell (and^ consequently, the chromosonics on which the genes 
are arranged) arc the sole cairicis of heredity. They altme 
determine the form and functioning of the living body which 
results from the union of parent cells. In order to alter an 
individual and its characteristics, it is necessary to alter its 
genes (or its chromosorocs). These, working through the 
enzymes, decide the final form and life-chamcteristica of the 
creature in question. Nckw all genes are nothing more than 
giant molecules, subject to the interplay of the internal and 
external chcmico-physical forces in the world of alomsr So if 
a mdiat ion quantum scores a hit on a gene, one Or more elec¬ 
trons will be tom out of an extremely sensitive structure, and 
the remaining oonstituenti in the gene-moIccule wiL then 
have to re-group themselves. As a result the gene itself changes 
its functions and now exerts its influence in a different man¬ 
ner. A mutation has taken place; the nature of the being has 
changed. 

An immense amount remains to be investigated irt this 
held. But countless artificially created mutations have been 
produced by radiation (as well as by heat, chemical stimuli, 
fltjc.) which have thus eliminated any remaining doubts about 
the phenomenon. It has been clearly protf^d that such things 
happen in Nature. So it is not too far-fetched to suggest that 
the actual source of life may be traceable to similar processes, 
particiiiarly since the ultra-violet radiations from the Sun 
were almost unobstructed during the Eoaoic Period. The 
Sun as the father of Life—is that such an extraordinary 
idea? 

For the ttansformation of energy into mass we have the 
Einstein formula of E=tnc*. For the transformation of mass 
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inu) life we have nothing Comparable. The ukra-complicated 
worJd of the macio-molccufe i$ ^till ^ closed one to us. For 
how much longer will it remain so? 

At this podnc mention must be made of an hypothesis that 
the ftueCihcatlon a£ the Earth came from outer space. This 
theory originated with ihc ^iwcdish asCro-physicist Svante 
Arrhenius (18590987), who held that life had always existed 
in the universe and that spores driven hy pressure of radia- 
liou from the Sun had colonised our planet after migrating 
through space. But when the deadly ultra^radiations in outer 
space were subsctjuchtly discovered, this theory became 
untenable- 

$0 it seems that Life originated on Earth during the early 
Eotoic Period, and quite po&sibly it may also have developed 
On Other celestial b^fes in a similaT physical state to the 
Eartb, for the laws of the evolution of matter most be the 
same throughout the universe. The apparendy exceptional 
circumstances of the Earth are—from the cosmic point of 
view^no exception at all. The Earth is not even an exception 
in our planetary system. That beautiful, brill la nt morning 
and evening star, Veniu, may very well bear an astonishingly 
close resemblance to the Earth. Venus is practically the same 
site as the Eartb (7,600 miles in diameter as compared to 
7,957 miles), almost, of the same density (4-86 as compared to 
5^58), and she is surrounded by an atmosphere as impenetrable 
as the Earth's in pre-Cumbrian times. For the latter reason, it 
has proved impossible for astronomers to observe Vceius's real 
surfbee. Of atmospheric only carbon dioxide has been 
detected, and that in very large quantities—a most important 
factor for maintaining life. No Other gases have ns yet been 
identified because of the high, dense clouds which envelop 
the planet. The presence of water, perhaps even in the form of 
oceans., is possible, which would mean that all conditions for 
the emergence of life would be present. However, this " wet" 
theory has a rival, a hypothesis, which asserts that the 

planet is a glowing furnace enveloped in dust. Since the aigu- 
mencs in favour of either view are equally meagre, it is a 
matter of personal taste which one prefers to believe. The 
answer is to build rockets and go and seel But for the moment 
we must content ourselves with conjectures based on terrestrial 
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pre-Cambrian geological oonditiooSf and from these it seems 
that it is quite possible that tbc mystery ot the creation o£ 
life may have been perfonnei on Venus too-^ 

Furtbermore, the oclcbrated and mucb-dlscussed Mars, is 
by no means entirely hostile to life, provided we do not apply 
to IE the strict yardstick of conditions which e^ist upon 
present-day Earth. It is cold there; arctic temperatures are 
the general rule in most regions and at all seasons, although, 
especially near the equator, temperatures have risen above 
zero. Tlic surtace of Mars is predotninanily desert-likc. The 
grey-green regions have been explained as damp moorland 
arxas, which is ptmihle but also duputable. Free water is 
very scarce; the atmosphere is thin and only resembles the 
Earth's in very limited respects. So the place is not exactly 
encouraging for settling on, Bui hostile to life? No. And cer¬ 
tainly not for a Martian form of life which could be quite 
diffcrentlv organised from life on Earth. 

It is now completely taboo” to think that extra-terrestrial 
life must imitate our own forms of esistence. It is well known 
what a vast number of differing forms of life have been pro¬ 
duced on our planet. Every slight variation in environment 
lays down new conditions favourable to new forms of life, netv 
anaEomical structures and new possibilities of development. 
Mutation, on the contrary, changes things without purpose 
or obj ect, and whether such a change is in faa favourable to 
the sperics concerned is only decided by its ability to su^ivt 
in the world around it, by its capacity to exploit its environ¬ 
ment, as is summed up in the frequently misunderstood 
phrase " survival of the fittest ”, by which Darwin certainly 
did nol mean a merciless struggle to the death, but merely a 
general process of adaptation towards conditiorts most favour¬ 
able to life. We shall come across enough cases, during the 
course of the biological development of the Earth, where the 
onset of unsuitable mutation^ led to the extermination of 
that particular form of life. The same rules must apply iipon 
Mars. And if life does exist there, it must be so precisely 
adapted to Martian conditionsH-which arc guessed at rather 
than known—that it must be quite different from life on 
Earth. Fundamentally, the same remarks apply to any plane¬ 
tary body which docs not have the same physical character- 
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istics as our Earth, such a siinitarky bring; quite pos&ible, 
though likely to occur seldom. 

However^ the meaning of '"seldom^' Jn this conteitt takes 
on A TatbcT diifcTont complexion if a slight calculation is 
made. Our own galaxy ooiiji.sEs of t cnj,ooox>oo,i>i>o aunj. 
Assuming that every tenth sun ha; planets (a purely random 
assumption, and a far lower average than h probable) and 
assuming furthermore that in every tenth aolar system just 
one Earth exists among a possible total of ten planets, then 
in our own Milky Way there would be i.ooo.ooOjOoo dart 
bodies capable of developing a form of life almost identical 
with that on Earth, Thus the heroic, overwhelming solitude 
of the creature called Man, who has emerged as the ruler of 
the third planet of the solar system orbiting through the dark 
depths of space, may one day. In the not too distant future, 
be ended by the discovery that there are an immense number 
of other inhabited worlds—an important thought which, rid 
of any cheap and sensational ideas about Utopia, could 
change onr whole outlook on the future. 


CHAPTieft SlJt 


The Cambrian World 


Conditions on Earth in the laler part of the pre-Cambiian 
Period werej by accepted staDdaTd9^ far from hoaps table to lifcr 
If, a ccntuiy ago, such a planet had been discovered in the 
neighbourhood of Alpha Centauii or Sirius^ the possibility of 
life on it would most certainly have been denied^ Since then 
we have iQmt mueb. 

One can only guesa what the first living objects on Earth 
looked like. UnEortunately, Fossils from that distant era have 
nut survived^ But they could only have been the most delicate^ 
liny agglomerations ol pnoteinj without skins or skeletons or 
hard chitinous coverings and therefore with no conteut of 
lime or silica winch could survive in fossil form. Also, the 
frequent transformation (metamorphosis) of rocks under tre¬ 
mendous pressure and at very high lemperatunes must have 
destroyed any organic remains. The only poaihle indications 
are traces *f graphitCr Graphite is one o£ the forms of pure 
Carbon, and is known to he the last stage of the carbonisailoiL 
of plant life. Small lime deposits, tw, could conceivably be of 
organic origin, but in any case thh could only be the remains 
of algae which appeared as the first water plants. How¬ 
ever, Opinion is by no means definite, since such formations, 
under the particular conditions pnevaiiing at ihe time, could 
also be of inorganic origin. There have indeed been met' 
eorlies in which graphite traces have been found, hut it 
would have been quite wrong to assume that these ttaoes 
were remains of life from some hypothetical eitplqded 
"world ", 

Of course, plants existed long before animals, having poss¬ 
ibly developed from bacteria which, even in their present-day 
form, are still considered as a type of plant life. As these 
primitive plants proliferated they must have spread, in the 
form of al^e (seaweed), all over the still-warm seas. Then 
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LhcTfi appeared the hr?t siiigle-cetl aniinals, which wene prob¬ 
ably repncscnticd by the fLagellates. And thua the biclDgical 
"diain-TeACtiiCn," developed at ever-incrcaSing Speed and in 
all dircctiDtis. Due it must be borne in mind ilm hundreds 
of millions of years were required for this primitive develop¬ 
ment to take place. 

The upper beds of the Eozoie fortunately k£t behind much 
clearer traces o£ life. Whole seaweed forests must have existed 
in those days, The first lecE structures of calcareous algae 
appear; and the animal world is dominated by the inntimer- 
ablc single-celled protcuoar Together with ilie flagellates there 
Sham in the seas amoeboid Globigerioa as well as Radiolarla 
with their beautifully constructed siliceous skeletons^ and 
tunicate Foiarninifera in vast variety. In the realm of hig:heT 
Life were the sponge;, molluscsj and the first brachlopods. 
Tracks in nodes also indicate the CKistence of worma. It is 
imposaible CO suggest fully how rich were the forma and 
variations of life; for the Upper Eozoic^ in spite of its com¬ 
parative neamesa in time to us^ is a riddle that is still proving 
difftcuk to aolvc. 

At the end of the Eo^olc we come well below the magic 
number of a thousand million years, for, according to our 
table, that period came to an end about 600,000,000 years 
ago. The legendary early "time” which lasted over the 
gigantic eons of the pre-Cambrian Era, has ngw reacbed a 
" historical" stage which, as a whulcj can be conveniently and 
Donventionally divided up into early, middle and modern 
periHjds- 

(Although Out radio wave is still speeding through space, 
and has covered ^,460,000,000 light years, it is stUl immensely 
remote, far on the other side o! the Milky Way.) 

The Palaeozoic Era, as the early part is called, begiTig with 
the Cambrian Period, the (urmations of which were first dis¬ 
covered in Wales {Cambria being the Latin name for Wales), 
Its duration is generally estimated at 100,000,OoO years; and it 
is subdivided into thteq parts: Lower—Middle—and Upper 
Cambrian. 

From the geophysical and tectonic point of view much had 
been happening in the slow transfo’rmation of conditions on 
Earth. The seas had grown perceptibly cooler, with a corre- 
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sponding effect on the ocean beds. The waters had long since 
ceased to steam and the atmosphere had theTcEore become 
inuch clearer. The first bine sty appeared during tbc Cam¬ 
brian Pertod. The powerful sunshine—the " visible ” parts 
of which had hitherto been mtei'cepted by the thick atmo¬ 
sphere—now began to penetrate to the land and the surface 
of the seas. 

Another process most important for the future development 
of life seems to have first taten place during the Oimbrian 
—the formatiDii of free oocygen in the atmospheric, Until quite 
recently it was assumed that the present oxygen content in 
air dated from: a much more recent period, from the time 
when the plant world had finally conquered the dry land and 
had largely '■assimilated” the carbon dioJ!ide in the atmo¬ 
sphere, (By means of their chlorophyll the plants were enabled 
to absorb the carbon and discharge the oxygen into the air.) 
To a certain extent thta assumption was correct^ for today, of 
course, this process of assimilation continues to provide our 
atmosphere with considerable quantities of oxygen. But 
investigation into the upper atmosphere has Tie:i*ealed pochets 
of ozone (molecules consisting o£ j atoms of oxygen) and 
ionised layers of free oxygen whose origin and existence must 
give rise to new lines of thought. The powerful ultra-violet 
radiations from the Sun which, in Archaean and Echoic tirncs, 
penetrated unirnpeded to the surface of the Earth because 
of a laclt of oxygen in the atmosphere, could have broken 
down the steam molecules (photo-dissociation) and liberated 
oxygen in the lower layers of the atmosphere even then. But 
it would not have been stable; for this element which is so 
essentia] to life easily enters into combinations, and sucb 
oxygen as there ^vas played a part in the building and weather¬ 
ing of rncks, and ivas also Involved in all molten magmatic 
processes throughout the Archaean. Consequently any free 
oxygen molecules resulting from the dissociation of steam 
were very soon absorbed again in the tecttmic proccssesr It 
could not have been until the great tectonic age was nearly 
over that a modest quantity of pure oxygen made its perman¬ 
ent appearance in the lower atmosphere. Once this, happened, 
an immediate consequence s^as that the oxygen In the aimcy 
sphere began to intercept the ultra-violet rays from the Sun, 
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and did 5a widi incrc^sitig efficiency as the proporEion d 
oxj'^en in the air rmc- Today—and perhaps also in the Catn- 
brian Period—the process of dissociation takes place mainly 
in the upper atmasphere, which thereby acts as a defence 
against cosmic ladiation. There is thus a perpetual cycle oE 
rising water vapour and descending free oocygen, so that the 
high cutygen content of the atinffsphcrc is certainly not solely 
attributable to the plant assimilatijOn process. 

A geophysical picture of the world in the Cambrian Period 
would closely resemble the world today, the only exception 
being that the proportion of carbon dioxide in the atmo^ 
sphere must have been much higher. Yet in this respect, too, 
there was a gradual cleansing of the air, which later favoured 
the development of Intiged atiimals, though matter! had not 
yet proceeded so far in the Cambrian Period. Still, the Lime- 
depositing plants and Creatures in the sea took so much 
carbon dioxide from the air that ihe atmospheric pressure, 
which to start with was extremely high, dropped to almost 
its present value. 

The actual surfaCc-appeiTance of the £;atth was very differ¬ 
ent from what it is today. To all intents and purposes, the 
only land-surfaces were the primal continental blocks already 
mentioned, which rose up out of the two world-wide oceans 
—the Pacific and the Tethys, The Pacific seems always to 
have been the greatest expanse of ivatcr in the vforld. During 
Cambrian times it extended over North and Central Asia 
and inundated the whole area of what is nOiv the cordillera 
chain of both North and South America. Parallel to the 
equator, but somewhat to the north, stretched a circum- 
ferential sea which has been given the name of the Tethys 
Sea {after tlie wife of Oceanus in Greet mythology). Through' 
out almost the whole of Earth's history the Tethys separated 
the northern and southern blocks of mainland. A primeval 
traveller coming from the east would have found nothing but 
blue sea in the region of the Himalayas, could have sailed 
through a channel north of the Indian block and south of 
the Turkestan block of Seiindia, after which he would have 
been able to voyage freely across present-day Europe as far 
as the near end of, the Pacific in the region of Central America. 
To die south of this semi-circumoavigational voyage, there 
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would have bccR no way through. Neither the Indian Ocean 
nor the South Atlantic Ocean cKistcd. Instead oE these there 
stretched from West Australia^ via India, Arabia and Africa 
tio Brazil and Aiq^entine, one sing^le vast continental block 
which probably reached far down the world and may even 
have joined up with Antarctica. This great primeval contin¬ 
ent has been named Gondwanaland after the Indian race of 
the Gonds. 

The northern land hemisphere had meanwhile taken on a 
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pronouncedly insular character. Parts of North America and 
Canada (the Noi;th American shield) remained solidly con¬ 
nected with Greenland and formed the continental block of 
Laurentfa- To the east oE Laurcniiaj^ and separated by a 
narrow arm of the sea, there was a lon^ solid ridge stretching 
as far north as Iceland. Europe, apart from some possible 
island groups, consisted mainly of the Finno-Russian block 
called Russia. Beyond that, there began again the great world 
of the Pacific Ocean with a few scattered clumps of islands— 
Angara in Siberia. Sinia in Eastern China and Fhilippinia 
opposite itn A very strange picture of the Earth's sur^ce. and 
in many aspects an uncertain one, too. One cannot expect 
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to liraw a prMLse m&p o£ the woild as it cxEstcd ^w^oWrCioo 
yean ago. But palaTOfiwgTaphy is still young as a study and 
there is plenty of time to improve on this htst tentaiLve lay¬ 
out. 

We know even les about the actual aurtacc-appcarance of 
the Cambrian continents. One can assume tlie CKistence of 
tall mountain chains, andj probably, the formation of ice and 
glaciers—but only in the highest regions. These could have 
been the cause of those numcrons gLaciation traces which 
occur in geographically widely separated areasj but the extra¬ 
ordinary thing abou t these glaciation traces is that they must 
have been made in a period whetij it is almost certain, a warm 
climate eKtcnded over a vecy wide latitude from north to 
south. Wc will return to this problem later. 

There is one thing we know dchnitely about the Oambrian 
Period 1 alt cotiiinetits and islands ivere dead rock, co'inplctely 
without land plants. Life was still ercclusively oonhned to the 
Open seas. Whether^ in the later Cambrian Era, life developed 
in etidosed seas is so far not known. 

The plant world flourished> dominated by the luxuriant 
spread of the lime and sllica-dcpositing algae which created 
endless reefs in the seas. The animal worlds having appeared 
in the lair pre^Cambrian almost instantaneously in a con^ 
sidcrable number of variations, had diversihed itself by the 
Cambrian Period into nearly 3,000 varieties, And, of course, 
(he evolution of life had already proceeded further. There 
ntn^ existed representatives of many important invertebrate 
groups. Lamehibranchs, gastropods, brachiopods and arthro¬ 
pods were all to be found. An important development which 
helped to leave a record of primal forms of life was the fact 
that the early, predominantly soft types were now giving 
way to those with hard skins, skelcions and armament. Their 
soft parts generally rotted away after death and disappeared 
very rapidly, but the shells uid structures formed hollow 
spaces which were hUed in by mineral substances which then 
hardened and retained precise impressions of the original 
creature. Any preservation of soft portions of an animal was 
mostly a matter of chance, such as sudden envelopment by 
a mineral substance which served to exclude destructive 
oxygen, another important factor being the hneness of the 
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enveloping mineral—cji. lime. Just such a lucky circum¬ 
stance oca^nred in BriLish Columbia at the Burgess Pass. 
Thene schistose mock of the Middle Cumbrian was found 
containing, among i,soo identified species survivinf^ today, 
the imprcHinns of idly fisb. wormSi HolothurOidea (EchinO' 
dcniiaca)^ and the Cntiaik of crabs^ which are rarely Fossilised 
nomiitly. 

From the Cumbrian onwards, the trifobites play a most 
important role for a very lonft period in the ItFc oF the world. 
Trilobite means " three-lobed ”, and the ereature was bo 
named from the triple overlapping armour on its hact which 
was divided into head, thorax and tail portions. This 
armour'' was formed of chi tin, a hom-liVc extrusion o£ the 
skin which, with the addition of caleitim carbonate, solidifies 
and provides a very favourable substance For preservatiem. 
These trilohitcs were, generally^ tiny animals, up to a few 
inches in length, but they have been fo'tmd in giant forms 
over j feet long. Their variations and distributions are quite 
aatoniahing, Trilobites accounted for roughly 6o per cent 
of all Cumbrian forms of life. Some existed by crawling and 
digging into the mud and slime oE the ocean bed. Others 
must bavc been good swiminneri or even floating animals 
resembling plankton. It is known that they lived in the oceans 
at very varying depths, for this ran be deduced from the 
formation o£ the lenses of their eyes. The blind trifobites must 
have lived in the black abysses of the sea; while those with 
tremendously developed eyev—some sticking out on stalks 
with about 15,000 lenses—dwelt in regions of extremely 
faint light, say at a depth of between joo and Soo falhotni. 
Undoubtedly, these were the most highly developed creatures 
in the whole Cambrian, and their predatory way oE life must 
have made them the almost rmchallenf^ first fords of the 
Earth. They continued to exist and flourish over the immense 
period of ^S0r00o>ooo years, until, in the Permian, aged and 
now meaningless, they died out. Because of their world-wide 
diatribution and prolonged existence as a specEcs, they 
arc cspocially important as none fossils for the Cambriao 
Perit^. 

Trilobites are now only known as fossils, hut another order 
of the Arthropods, the Xiphosura (sword-tailed), have sur- 
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vived from thoM distant agct right up to the present day. In I" 
the present biological seene they are represented by the 
extremely andcnt crabs {itmiiftij) which cMxur as mud- 
borers along the Asiatic coasts and on the south-eastern coast 
of North America. I 


CHAPTER 9EVE?i 


life Takes to the Land 

Apt Eft the Carnbrian Period <3nic the OrdavieJan, stveallcd 
trom discoveries rngde in Welsh territory once inhabited by 
the old Celtic tribe of the Ordovicii; and then the Siloriaiij 
similarly named after the Si In res. 

Some geologists have treated the Ordovician and the ensu¬ 
ing Silurian as one, but the distinction between the two is 
generally accepted and for the purposes of this booh they 
will be regard^ as being quite separate. The duration of the 
Ordovician is now agreed as being about 6ovono,oop years, 
and that of the Silurian 40,000^000 years. 

Climatically the Ordovician and Silurian Periods present 
no particular problems. The presener of coral reefs—even in 
high latitudes (Greenland, North Canada)—which, aig we 
know from their present-day distribution over the Earth, are 
associated with the warmer seas, beats evidence of a very wide^ 
spread and constant temperate climate. Tectonically there 
was not much change, Tow-ards the end of the Ordovician a 
weak wave of mountain-building set in, one of the results of 
which was a first version of the present-day Appalachians of 
eastern North America. It was only towards the end of the 
Upper Silurian Period that there started an enormous process 
of mountain-folding, of a magnitude that has> so far as is 
known, very seldom occurred in the whole of Earth's history. 
Those areas primarily affected were Europe and the North 
Atlantic, in the geosyneltnes of which^ during the course of 
mariy millions of years, vast quantities dl sediment had piled 
up, A gigantic chain of mountains, about 4,000 miles long, 
stretched from Ireland and Scotland, to Norway, Spitibcrgcn 
and Greenland- Traces of this great range arc Still to be 
found in WaleA Norway and Scotland. The ancient word 
"Caledonia” for Scotland has given to this folding period 
the term CaUdonidn Mtnmtam-Foiding. A lesser mountain 

• is 
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chain flros«, at the aatnc time, running frioTn the Arderjnes 
down to the vicinity of Vienna. Prohabty there were also fold¬ 
ing in the areas dE the Sahara and the South African Capo. At 
the same time there Occurred almost everywhcrCj as evidence 
$how£„ upsurging of magmatic rock which tvedged itself in 
between the overlying layers fintmsions). Throughout both 
periods there was much voltanic activity in many parts of 
the world, 

Obviously such widespread folding must result in oonsideir- 
able changes in the Earth's surface. Laurentia and Morthem 
Europe were now connected by newly created iand-btidges; 
and for a while the Tethys Sea was closed in by -solid land 
connectiotM stretching southtt^rds to Gondwanaland from the 
regions of Panama and the present-day Balkans. Yet, on the 
other hand, upl if tings of the Earth's suifMe resulted in ati 
ovcfull cnlaigcment of the areas covered by water. Immense 
stretches of land were flooded, in marine transgressions, to an 
extent which led finally to the greater part of the Earth^S 
surface being submerged. 

In the living world, plants bad hitherto made astonishingly 
little ptogrea. In the course af about 100,000,000 years, they 
had scarcely transcended the alga stage. This is quite extra¬ 
ordinary, for the animal world had proved incomparably more 
fruitful and had far surpassed the flora in evolutionary pro¬ 
gress. Obviously the plants had to achieve a fundamental 
change, and for this they required a completely new environ- 
rnent, i.c. the land. It is clear that the conquest of land must 
have been achieved by the early stages of an amphibian life 
in gradual progress from the sea-shore, and this has indeed 
been CDnfirrncd- Yct it remains a major mystery why this 
should have taken place SO late, for in the world there are 
innumerable coastal areas and river banks offering countless 
millioiia of opportunities for tbc development of a land 
flora. 

Yet this dcvcloprient may not, in fact, have taken place as 
late as has been believed hitherto. For, recently^ reports have 
been accumulating, principally from Indian and Russian 
plaeobotanists, that in the Cambrian rocks of their respective 
countries there have been discovered spores and woody frag¬ 
ments of land-dwelling vascular cryptogams, such as primitive 
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club^iuosMS. If this ii so, it means that the Ini/a^ion of land by 
life would have to be coimidembly prc-daticd^ 

Clearly, the answers to questions sutb as these can only be 
provided by ^sslL diseoverie;, and then only in $q far as it is 
possible to identify definitely the layer in which the fo^ils 
arc found as (in this case) Cambrian. It is thus that we have 
traced the developments which have brought us now as far as 
the Upper Silurian; and we can cany the story onwards by 
the same method- But at tbis point It should be meutioned 
that new discoveries and techniques in the future may very 
well alter Our present picture of the evolution of life. If these 
latest reports from India and Russia arc confimied—wbich 
cannot be done ovemight^thus establishing the coiTec tness of 
the new dating, then wc are no longer confronted with any 
mysteryx fot the transition of plants from the $ca. to the land 
evidently tooV. place over an immensely long period and wasj 
quite nattirallyj attempted at widely differing places on Earth 
and at very different point? in time. After countless tailures, 
there must have been certain local successes followed by an 
inevitable general line of development which caused them to 
flourish everywhere during the Upper SLIurtan Period. The 
first laud plants had now arrived and had begun at last to 
"settle” the mainland- These plants, the psdophyies, were 
leafless and without actual roots. But they represented an 
immense step forward, the great prelude to a rapid evolution 
towards higher forms which toolc place during the following 
Devonian Period. 

Jn the animal world of the ocean, develo'pmcnt went on 
apace. All the major aniroal groups were now represented, 
even the vertebrates appearing towards the end of the Silurian. 
The trilobitcs had not yet reached their highest point of 
development, and their immense importance as zone fossils 
still persists during this period; but already they ha^e ixtit 
overshadowed by the giaptolites, a singular, rather mysterious 
group of animals, restricted to the Ordovician and Silurian 
Periods in the course of which they appeared and also 
vanished. Their name, which means "stone-writing”, was 
propounded by Linnaeus, who discovered their bizarre, con¬ 
voluted and branching saw-lihc impressions in dark slatc- 
stonc- As palaeontological specimens they have, therefore, 
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been tnown for a ctmstdciable time and have been sEudied 
in gteaE detail, eapecially because of their abundance cbrwgh- 
out the Ordovician and Silurian roebs. They arc dcflniEcly nf 
homy, chltinous Cfrigin, so there la no possible doubt that 
they are the remains oE animals, since chitln is formed only 
from animal ^kins. The graplolitcs appear most frequently as 
light mcnihranes on a dark background o£ slate or mudstone. 
Very rarely they are to be found, also, in a more solid form 
in limestone or marl. These were colony-btiilding creatures 
whose gaS'Alied "cysts” or bladders enabled them to float 
freely in the plankton. Others may have been attached to 
mbmerged objects on the sea-floor. Their place In the animal 
world has been disputed for a long time. It was even believed 
that they tvere a specialised form ivithout any recognisable 
ancestry. Nowadays it is generally assumed that they imiat be 
included among the coelenteTatea, a group of predominantly 
marine animals which include the sea-anemoncs. The pro¬ 
nounced frequency of graptoUtes in alum schist (alum being 
a sulphur compound) leads to important conelnsions abont 
the constitutiun of the seas in which they lived. These may 
well have been stretches of water coveted by rotting slime 
which caused the ocean-bed to be continually poisoned by 
sulphuretted hydrogen, a phenomenon that still occurs today, 
as in parts of the Black Sea, where the tolerable zone of 
existence for most living creatures ends at a depth of about 
800 feet, any life below that consisting purely of anaerobic 
bacteria and ycast-Eungi which arc able to survive in the 
absence of fret OKygen. This state oE alFaiTf provides an inter¬ 
esting picture of conditions of life at a time when graptoHtes 
were dispersed throughont the ocean waters of the world. 
And it was this very wide disptnaL and their rapid evolu¬ 
tion that made Ehom the ideal zone fossils for the Silurian 
Pertod. 

With ever-increasing variations, and embodying lime to a 
greatcT and greater extent in their shells, the brachiopods, 
which had already existed in the Cambrian Period, now 
evolved into a considerable number of new forms. Their cwu- 
valved shells thecame properly hinged and the short gtalk (by 
which the animal was attached to rocks.) emerged From a 
Well-defined round hole. The Brachiopods did not suffer 
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eKLinctioD at the end of thf Silurian, but lasted right over tf> 
the present day, though now ver^' depleted in numbers. 

Among the nuTUCTOus arthropods,, the eurj'ptcrids stand 
out—and in the rnost literal scnsc ol the worrf—for they grew 
to as much as S Feet in length. These were relations of the 
scorpions and spiders, being equally predatory, and were 
certainly among the most horrifying manifestations of prime¬ 
val life- Undoubtedly they also existed in fresh water. Both 
^iitijtfing and walking forms have been discovered. 

Among the soft-shelled creatures, the cephalopods were of 
great importance and—after a modest start in the Cambrian 
Period—they played a predominant role for a long time thcre- 
after. They were the predecessors of the present-day squids 
and the oceanic nautilus. Characteristic of them was their 
snail-like shell which was their "living-room", protecting 
their soft body and also providing a number of gas-fUled 
swimming chambers which gave them buoy^aiicy and mobility. 
This shell-housing took the form of tubes, straight, coiled 
or spiral. The cephalopods, too, attained giant Corms, some 
being up to some 5 feet in length. 

The first corals which lived in the warm Silurian seas were 
characterised by their four-rayed symmetry. The Echino- 
dermata, especially the sea^lilies, ilourished in great pro¬ 
fusion and variety and enlivened the shallow water beds 
witb their aesthetically beautiful forms closely resembling 
rooted plants and flowers. Apart from the sca-l Elies, they have 
all died out so that we can only visualise in imagination what 
that wealth of life in the Silurian seas must have looked like. 

We assumed as a climaic of the late Silurian Period the 
eraeiigcnce of the first plants which, as psilophytes, began to 
root along the banks of backwaters. A second, equally impor¬ 
tant, climax came with the first appearance of the vertebrates, 
the only form of life that had hitherto been lacking- 

Thc point in time when Nature began ^ experiment with 
a backbone running the length of a creature's body to anchor 
and protect the soft organs and their functions is impossible 
to estimate within 50,000,000 years. An approximate notion 
of how those first creatures may have looked can be gleaned 
from the appeairanoc of Amphioxu^i the common lancelei. 
This small fish about 6 inches in length is a delicate^ almost 
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coloudeu dtJiiwti ol the sea^floor, where it burrows into the 
and. The distinguishing feature o£ the lancelet—which esven 
todav is still without jaw^—is tlie notochord, a cartilagmoui 
rodlitc backbone wHcli is a very primitive prototype of a 
spine. It is known from embryological research that the higher 
vcrtebraiet have similar notochords when still in 
embryonic stages and that subsequently these develop, with 
the growth of vertebrae, into an articulated- spine.^ Here is an. 
application of Ernst HaeckeVs " Basic Biogenetic Law - 
today ss an over-simplification—which states that 

the dcv'clopment from embryo to adult follows citacily the 
evolutionary' course of devdapment frcmn the primeval cell 
[0 the modem individual, a process which took place over 
thousands of millions of years. This is one ol the greatest 
puzzles of I^aturt, and much use has been made of it in trac¬ 
ing Out origins back through ancestral animal stages. 

Now, this very primitive lancelet fish is probably not a 
present-day descendant of the first vertebrate types, but it 
must be somewhat similar to thorn earliest fish-like creatures 
which needed severad million years to develop into orthodox 
fish. Many of those earliest fislms lacked jaws; and they arc 
therefore called collectively the Agnatba, In this they resemble 
the lamprey (Peiromyioji)—the only member of the group 
to survive to the prosenl day. Many differecL however, in hav¬ 
ing a dense extcmal armour of bony scales and plates which, 
even though they themselves were predatory creatures, gave 
a much needed protection Etom such aggressive animals as the 
trilobites and etiryplerids- Some even, like Cephat^pis, may 
possibly have been equipped with "electric batteries", those 
quite extraordinary orgatis such as are to be found nowadays 
iu electric eels, which are equipment both for defence and 
tor catching ptey. know that the blind electric eel also 
possesses some son of " radar " equipment by means of which 
it emits and receives electrical impulsesj thus enabling it to 
orientate itself in its world. 

Earliest traces suggest that these armoured fish first appeared 
in freshwater areasj only towards the end of tire Silurian 
Period are they in evidence in salt-water regions. At this time 
a new group of fishes seems to have developed—^the gnatho- 
stomeSj equipped with primitive Jaws. Many of these also 
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bore coats of armoured plates, and creatures such as Dinich- 
ihys (froni the DevofLiau of North America) grew to be as 
much a5 13 feet long. These armoured jawed EUh did not, 
however^ survive the Devonian. 

Other armoured fish, such as the Pterichthyi were equipped 
with stilt-![kc front limbs which would have been eutirclif 
adequate for them to make temporary crossings of dry land. 
All in allj we have here a picture of a highly organised, well- 
equipped groups of animals through whom Nature embarked 
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on a laigc-scate attempt to combine the hard cKtetnal pro¬ 
tective casing of their former mode of life with the novelty 
of a "spinel „ . , 

But simultaneously, after the close of the Silurian Period, 
there were scvctal other ''attempts" of this sort. Thus, for 
example, there appeared, the elasmobcanchs, predecessors of 
□ur present-day sharks and rays, fish whose iniemal skeleton 
is composed of hard cartilage rather than bone. The primal 
sharks were, admittedly, small, only a Uttle over s feet long. 
They were predators just ai they arc today; but as menaces 
in the animal world they were only comparable to such 
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prescnt-di)^ fish p^lt^s. Still, they probably fell victim often 
enough to the armourod fish, though possibly superior to the 
tatter in speed o£ movemerit And agilHy. 

IE we now mention that scorpions were probably the first 
aaimals to climb out of the waters and explore dry land as 
a possible^ hitherto unknown habitatj we liave then rapidly 
covered the devdopmenta of over 100,000^000 year^ and we 
can turn 10 the ensuing Devonian Period. 

flnterinn report from the universe: out radio wave is now 
350,000,000 light years away, and so has still to cover 
3,o87AJoo,ooo,ooo>oochiOoo,ooo miles,) 


The Realm of Psilophytes and Fishes 


T fI E Devonian Period (duration 50 Tuillion y^an) derives its 
name from nc tensive geolopcal formations found in Devon 
in England. It is gubdivided into Lowcr^ Middle, and Upper 
Devonian. 

The vast sea inimdatioiis of the departed Silunan Period 
persisted for some time, but then yielded to a steady increase 
in land building. The transgressions chiefly aflEecied the 
^hara areas of the Gondwana continent which was sttll hrmly 
oonnected to Laurentia by an immense land-bridge. This 
bridge separated tlie Tethys Sea from the Pacific, which had 
penetrated far into North America in the form of a gigantic 
ocean bay. Very chamctErlstic geologicaJIy is the northern 
continent which was joined to North Europe by the Gaffr 
donian mountain folding (see map on p, n6}. Wc spnk of 
this as the "Old Red” continent^, in reforence to the old red 
sandstone which at that time was deposited in strata of great 
depth, ft is evident that the uorthem continent, whence all 
this sedimentary material came, must have consisted largely 
of quarti-sand deserts whtch, as a result of the admixture of 
iron oxide, "rusted" and thus acquired its reddish colouring. 
A parallel example of this process is perhaps to be found on 
Mars, where a similar cgnditiou prevailed over wide areas of 
the planet's surface, giving it its red appearance. Mars could 
possibly be in a |>eriod corresponding to the Devonian on 
Earth, particularly since it has been suggested that on Mars 
there are damp„ marshy areas supporting the lower fonifis of 
plant life. Hcnvcvcr, one has to be cautious with such analc^ 
gies, for cosmic circumstances change, and physical courses 
Rin parallel only 10 a very limited extent. Thus a certain 
part of the appai'Cfit picture of Mirs may be effectively com¬ 
parable, whereas the whole is definitely not, particularly since 
it can be assumed that our terrestrial Devonian " deserts ” had 
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a heavy rainiall and were frequently covered with inland seas. 

Further to the south of this northern continent there 
stretched extensive shelf-regions, shallow-water depressions 
where sediment was deposited. The Old Red continent itself 
spread as far east as Russia; but there it was se|>arated from 
the Siberian Angara by an immense arm of the Tethys Sea. 

As in the preceding period, the climate remained warm 
right into high latitudes. It has not been definitely proved 
that a high carbon dioxide content in the atmosphere con¬ 
tributed to this warmth. Certain scientists {such as Arrhenius) 



15. Land Map of the Devonian Period 

attribute a glasshouse effect to the carbon dioxide, in that it 
let the sunlight penetrate and at the same time contained the 
quantities of heat reflected back from the Earth's surface. Like 
much else, this theory is very debatable. But it is quite prob¬ 
able that there was then a higher proportion of CO, in the air, 
especially since incessant volcanic activity would have con¬ 
tinually produced carbon dioxide which, in the beginning, 
would not have been used up in appreciable quantities by 
plant life. 

Tectonically, the Devonian Period was peaceful, predomin¬ 
antly an age of erosion and sedimentary layering. But from 
this it must not be assumed that practically nothing of a 
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volcanic nature occurred. Forty million years is far too long 
a time for any such perpetual quiescence. Here and there 
eruptions burst from the depths, with the consequent up¬ 
heavals and subsidences of land. In the German areas of Lahn- 
Dill alone there occurred outpourings of diabasic magma 
which formed rocks 600 yards thick. But there were no revo¬ 
lutionary phenomena such as the massive Caledonian foldings. 
A cataclysmic event of this kind only set in again towards the 
very end of the Devonian, and reached its main phases and 
climaxes during the following Carboniferous Period. This 
was ^e Variscan mountain folding process, which will be 
descried later. During the later Devonian Period, just as in 
the Silurian, it was chiefly the Appalachians that were 
affected. They must have been comparatively quickly washed 
away and levelled down. Their sediment exerted tremendous 
pressure on the floors of the gcosynclines in their own area, and 
these floors sank down and triggered off that mysterious 
mechanism that leads to the beginning of a new folding 
movement which ultimately extends into other areas. 

The most important evenu in the Devonian, however, lay 
in the biological realm. These culminated in the final con¬ 
quest and settlement of the land by plants, in the develop¬ 
ment of vertebrates in the form of fishes, and finally in the 
appearance of the first land vertebrates. 

Of the psilophytes, the first land plants, we know that in 
the Upper Silurian (and perhaps earlier) they had already 
settled along the banks of seas and rivers. From the Devonian 
schist in Bohemia and the Rhineland have come valuable 
finds which provide us with fairly clear pictures of their 
further development. These stages of evolution beyond the 
hitherto predominant algal stage led to numerous new "dis¬ 
coveries*’ of powers of development. Whereas simple organs 
of nourishment and reproduction were perfectly adequate 
for the algae growing predominantly in water, much more 
complex structures were necessary for life on dry land, where 
the plants were no longer surrounded by water. From now on 
water and minerals must be drawn from the soil and incor¬ 
porated into the plant’s tissues above ground, whilst for the 
exchange of gases, such as oxygen and carbon dioxide, pores 
(stomata) developed in the epidermal cells. At the same time 
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Jignin ma 4 c its ippearance as a strcngtlieiiing substanfje in 
the now woody aerial JtemSr and genuine reota were evolving. 

For purposes of clasaifUatiDn these psilophytK arc now^i- 
days regarded as the foremtiners of the ferns, since real ferns 
develop^ from them subsequently. But to begin with they 
had no real roots. At the end of the vegetative twigs there 
were bulbous swellings which contained the asexual spores 
by means of which they propagated. These minute and very 
light spores were probably blown considerable distances by 
the wind. Of course tJiose carried out to sea ivould fail to 
develop, but those encountering moist, rich ground inland 



14. Fnlophyte flora in the Lower Devonian 


could immediately grow into new plants. That meant the end 
of the primal desert. The Earth began to acquire a covering 
of green wherever (he soil proved favourablcr 

This first, tremendous development in the new' realm of 
life led to rapid changes of form. The psilophytes of the 
Middle Devoniait are already very dSEEerent from those of the 
Lower Devonian: and those of the Upper Devonian are even 
more advanced. The herbaceous, leadess types rapidly 
developed into yard-high stalVs. Then they became man-high 
bushes and finally regular little trecs^ displaying by the end 
of the Middle DevoniaLn rudimentary leaves^ It is not known 
whether the first, real primeval forests appeared at this stage; 
but it is in fact quite probable that they did in favoumblei. 
moist areas dose to water. It must have been a strange wilder- 







THE REALM OF PSILOPHYTES AND FISHES Igg 

nw of herbaceous growths, almost shadeless, with sulks, 
spikily forked and looking rather like antlers. There would 
be not the least suggestion of the endlessly rich variety of our 
luxuriant present-day forests. And only trilobites, giant crabs, 
scorpions and other primeval adventurers would be scrabbling 
over the swampy ground between the planu. 

By the beginning of the Carboniferous Period the psilo^ 
phytes had already disappeared. Whether, in this case, one 
can say that they "died out" is questionable; for it seems 
that there is a direct line of descent from them to the flora 
of the Carboniferous. Towards the end of the Devonian there 
were indeed no longer any psilophytes, but there were already 
forms which later developed into ferns, horse-tails, lepido- 
dendrons, etc A perpetual steady process of change, like a 
proceu of growth, was uking place. The original, helpless 
baby is now unrecognisable in the adult. 

Among the invertebrates of the Devonian the graptolites 
had vanished completely, victims of a fate frequently met with 
in the biological world and not always explicable from any 
clear cause. The trilobites, too, exhausted the possibilities of 
their forms of life by developing exaggeratedly bizarre shapes, 
something which, in the history of the animal world, has fre¬ 
quently presaged final extinction. In their place there 
flourished abundantly echinoderms, corals, lamellibranchs, 
gastropods and brachiopods. Included among the echino- 
derms were the sea-lilies (Crinoidea), which proliferated over 
extensive areas of the shallow seas. The cephalopods developed 
from the goniatites which were also the predecessors of the 
very wide-spread group of ammonites. The eurypterids gradu¬ 
ally diminished in imporunce, a trend which possibly had 
some connection with the prevalence of the armour-plated 
fish who undoubtedly decimated them. 

The vertebrates were now represented by the fish. The 
Devonian was indeed the golden age of their development, 
for genuine fish now appeared alongside the great group of 
armour-plated fish. (The emergence of such cartilaginous fish 
as the sharks has already been mentioned.) A further histori¬ 
cal stage of evolution was the appearance of the bony fishes 
(Osteichthyes), which gradually lost all defensive armour- 
plate. The first members of this group, still of the armoured 
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type and covered by thick scales which coated ivith a 
hard enamel-like layer compysetl of j^anoincK are today still 
represented by the aturBeons, gar-pikqs and mudfish. But 
now the path of evolution to the tiltimate fish form had been 
clearly laid down and led, %'eTy giadualLy, via the Holostci ol 
die MesffioLC up to the Teleostci ol the present day, with 
their enormous profusion of species. 

Xlic sod tjomposition tti the Old Red continenij in conjunc¬ 
tion with the warm climate, must have largely contributed to 
[he CKtensivc inland seas becoming miicli shallower through 
evaporation, thus threatening the existence of the fish inhabit¬ 
ing thcni. Mass eKietmination may have ocemned countless 
limes until eventually, some^vhere, some groups managed to 
survive because they could absorb the liEc-giving oxygen not 
only by meang of gills wlien in water, but also by moHins of 
lungs when tlie water dried tijr. Thus there arose the lung- 
rishcs (Dipnoi) whose air-bladdcis were suitably adapted for 
the purpose. Of all the numerous forms of Dipnoi that once 
existed only ihrco types are recent (rceent means still living 
today, in contrast to fOKSils], The best known is C^rfl^o^in.^^ 
which lives in a few streams in North-cast Australia, The 
second type is tepreseKiied by the African lung'flshj and the 
[bird by the South Amei'ican Lepidosiren. Ail three, it will 
be seen, live in rq^ions svhich heionged to the old Goudtvana 
Dontinent. Lung-fish and LeprdcurTei) both have the liabit of 
aestivation—the counterpart of hibcroatiort—whereby, when 
their watery surroundings dry up. they burrow into the mud 
and survive through the dry sejison, unharmed. They thus 
repreieist the first attempt by Nature to create a furtliqr, 
higher class of vertebratea—the amphibians (Iwtrathians}. 
This step, however, was not achieved by them, but by tiitm- 
bets of the related family O'! coclacanths, whose spiny, rigid 
fins, amnged in pairi and projecting from the body fore and 
aft, look very much as if the animal could walk " four- 
footcdly" over the ocean Hoor. If they could do that, then 
why not—with a lung-breathing apparatus—walk over land 
to Escape from an old evaporating sea to some other more 
favourable to existence? The possibility that this may have 
occurred is supported by anatomical skeletal dharacterisiics 
which appeared somewhat lattr in exactly the same £o«n in 



11, nai'fiofthc Dcvonitin Pcriud. 

Ckiiaj^ Xal^firal Hiilery iWtftftfAir, 

{Bfisu}) 13fii'k of shoh^ ing pji,ric^ii of so-ira nf loAf h3uu.-s. 










E£^ 

1 






X '■ VlMgac V J 

w 


MR 








»ji>T. 









PI 

r4if!^ 

^S^4i' 

■^c> 

•1-. ■■ .J Z. ■ 







14 . (Above) MammaUIikc reptiles from the Trianic in South Africa. 

(Bdow) Pictorial reconstruction of the Upper Jurassic with primaeval 
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Compiogitalkus (lov^er left). 
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the Stegoccphalian amphibians, the first real land vertebrates. 
It seems very likely that these amphibians did in fact evolve 
from the Crossopterygii (ancestors of the coclacanth), prob¬ 
ably during the Devonian and Carboniferous. Recent investi¬ 
gations into surviving specimens have done much to clear up 
the problem. For the secret but seldom expressed wish of 
palaeontologists to sec for once, alive and kicking, a long- 
extinct fossil animal lias been startlingly fulfilled. 

Coelacanths had long been known as fossils. From their 
remains, it was evident they must have become extinct at the 
latest by the end of the Cretaceous Period, about 6o million 
years ago. Rut apparently the ocean Is conservative in main¬ 
taining its inhabitants. For in 1938, off the South African 
coast near East London, a trawl-net was raised filled with 
sharks, and among the sharks was a fish about 5 feet long 
which was completely unfamiliar. Finally, in the Rhodes 
University College of Grahamstown, Professor J. L. B. Smith 
was able to identify this creature—an identification which 
rapidly produced a sensation, for the fish ivas without doubt 
an "extinct" coclacanth, and was assigned to the genus 
Latimeria. 

Publication of this discovery aroused great excitement, 
amounting almost to incredulity. But the concrete proof is'as 
there. Unfortunately the animal ivas in a very p>oor condition, 
since steps to preserve it had inevitably been taken too late- 
Smith, however, was convinced that this specimen ivas not 
the last of the Mohicans, but might well have numerous 
living relatives. The fact that it had remained hitherto undis¬ 
covered ivas explained by many scientists as being due to the 
fact that the coclacanth had probably been living in retreat 
in the profound ocean depths. Smith, on the contrary, 
expressed the opinion, based on practical knowledge, that 
these animals live on and from the rocky floors of shelf-reefe 
which exist particularly around Madagascar and certain other 
islands in the Indian Ocean. 

To organise a full-scale search-expedition would be too 
expensive; but it proved possible to mobilise the fishing popu¬ 
lation of most of the East African coastline by means of multi¬ 
lingual leaflets carrying a picture and detailed description of 
the coclacanth and offering a reward of £100 for the capture 
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of the next two specimens. These leaflets were then distributed 
with the help of Madagascan and East African officials. But it 
was not until 195s that another catch was made. Great credit 
for this is due to Capuin Hunt, who was trading with the 
Comoro Islands, a group lying between Madagascar and 
Mozambique. By means of the leaflets he kept drawing the 
natives' attention to these fish. But his gallant efforts nearly 
went for nothing, since the fishermen who netted and 
killed the second coelacanth over a shelf off the Comoros, at a 
depth of nearly 60 feet, were bent upon selling it next day. It 
was only at the market that another fisherman recognised the 
wanted beast and brought it. together with its captors, into 
touch with Captain Hunt. The latter immediately telegraphed 
Smith and asked him to collea his booty. Unfortunately the 
distance from Durban to the Comoros is about s,ooo miles, and 
there was no money available to charter an aeroplane. There¬ 
fore the inevitable lapse of time threatened the complete 
disintegration of the precious prize. At this point the South 
African Government produced a military plane. Thereafter 
all went rapidly, though not without difficulty, for the return 
flight was endangered by very bad weather. 

This may seem a lot of fuss about a mere fish. But grati¬ 
tude is certainly due to all concerned for a fine example of 
unselfishness and co-operation in the service of pure science. 

A windfall such as the finding of the coelacanth is naturally 
rare. Even fossil discoveries of any importance are largely the 
result of luck. Yet it happened that at just about the time 
when the CrtMSopterygii were acclaimed as the ancestors of 
the vertebrates to come, a Danish expedition discovered, in 
the Upper Devonian layen of East Greenland, the remains of 
probably the oldest fossil amphibian. From the reconstruc¬ 
tion of such remains as were unearthed, it appeared that this 
was an " improved ” form of coelacanth, having precisely the 
same skull structure. But in the case of the Ichthyoitega —as 
this. primeval batrachian was named—fins had turned into 
feet, possessing four toes in front and five behind. To judge 
by tracks found long before in the Upper Devonian of North 
America, this must have been a clumsy beast, crawling and 
slithering about, with a stomach still dragging along the 
ground like a salamander. Probably the short, squat limbs 
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merely served to prop up the body, and proper walking was 
only “discovered” later. 

In the .Middle Devonian layers, also, were found the first 
wingless insects, from which developed the most prolific 
branch of the animal kingdom. 

Thus, in the Devonian Period, flora and fauna seem to 
have made a sudden jump forwards; but it only seems so, 
because we have covered the whole complex with one quick 


15. Primeval Jehthyostega from the Upper Devonian of East 
Greenland 

glance and been able to take only the briefest note of what 
happened. And of course in terms of time the sequence of these 
events was not nearly so rapid. Is there, indeed, any human 
being, however brilliant, who can comprehend all that has 
happened in the course of just one million years—the develop¬ 
ment of generations of plants and animals, the tremendous 
erosions and mountain folding? And the Devonian Period 
covered 50 million years! For us, with our minute span of 
human existence and consequently limited powers of com¬ 
prehension, that is an almost inconceivable length of time. 
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The nutneiBiUs di^cuUls—more fttycholagical than actual.— 
o£ fumprehendin^ the development of life as a physico¬ 
chemical process i:$ due, ttot least of a]], to our mental inability 
to bTcak out of the natrov^ limits of our conception of timc- 
How is it poMiblej considering all the interplay of mutations 
and the forces of environmenL that certain eoTymatic and 
hormone deviations occurred, that legs developed from fishes' 
iinSi that psilophytes turned into fern-trees, that egg-laying 
reptiles became mammals^ What was it that made a fish 
capable of living upon land? It was not only the transiorrna- 
lEon of fins into legs and the absorption of oxygen through 
lungs. That was not enough. For seeing on land the eyes, 
too, need a different structure from that required for seeing 
in the water. The senses of touch and smell must function 
differently. The muscular system has to be otherwise arranged. 
All this means a vast amount of important and complicated 
transformatioii. The trivial variations which we can observe 
in the laborjtory and in Nature gi%¥ us only the most limited 
clues to the fundamental mechanisms of evolution. But these 
indications have made valuable contributions » the total 
knowledge of experimental zoologists and physiologists. -Some 
most interesting discoveries on the subject of radical change 
have been made by the zoologist J, Harms in his studies 
of mud-hoppers. TTie mud-hoppers are fish with a strong 
inclination towards amphibious life. Their pectoral fins look 
like splayed fiug's feet and are employed by these adventur¬ 
ous creatures for fairly nimble, step-like progress on land 
and lor dimbing about in the mangrove swamps where they 
live. Their stomach fins also have developed Into a means of 
gripping, and their ability to jump like a frog enables them 
to cos'cr a distance several times their own length {5 or C 
inches.^. The adaptability of the various types to their sur¬ 
roundings dilfeis gready^ which suggests that here is a whole 
family of fish in the process of transformation into land 
animals. Harms speeded up this natural process by injecting 
thyroid hormone and promptly brought about an accclcmted 
development of the organs vital to living on dry land. 

Thus we already know> basically, how Nature iwirks. Ent 
the fact remains that she only progresses by tiny steps, and 
foi- major developments she needs sucli iniTnense spans of 
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time tT»9t we ate left completely helpless. We have been giudy- 
in|f the process of mtiiatiori tinsel y for roughly ihe last 50 
years^ unognsdoiisly perhaps for the last 4,000 years. If we 
had been able to do it for the last 40,000,000 years we might 
perhaps be able to understand fully the wonders of the 
Dcvooiiaii Period. 


CHAPTER NirfE 


The Carboniferous Period 


The great tcdJiDmEe importance of coal—not in the least 
diiuinished by the onset of an aiotnic era—has evoked a sodft 
of popular interest in the Garboniferons Period. The thought 
of gigantic primeval fQiestSj v>^hich sank and turned into coal, 
makes a powerful and unforgettable impression on the imagi¬ 
nation. However, the process of coal-making was by nn meanj 
restricted to the So miniori years of this period:: nor was it, 
indeed, its most important geological phenomenon. IMever- 
thclessj it was a striking ejtough event to give its name to the 
whole of the period. The Carboniferous, like other periods, is 
divided into Lower, Middle and Upper, 

In order to understand the procc!^ leading to the formation 
of coal, particularly in the Carboiiifeiuusi, a brief smrvey of 
conditions prevailing at that time is essential. Tectonically, 
the chief o'cnt was the Variscan mountain building, one mo^re 
long-lasting er^ of huge cmatal movements and foldings, This 
had already begun in the Devonian Period in the Appalachian 
area of North America, and it reached its climax in Europe 
in the Upper Carboniferous. Since the far, far distant Cale¬ 
donian foldings, those moLintains had been eroded, deposited 
in the peripheral continental seas, and then been pushed up 
again in suotessive phases. And a eorrciiporiding process look 
place in the territory of the remaining Caledonian mainland 
against which these new mountains were pressing. The results 
everywhere were long continental mountain chains. The 
Armoorican Range stretched in a north-westerly direction 
from the French central plateau, across Brittany, south.wcHi 
England and Ireland, as far as Greenland. A second mountain 
chain ran from southern France, across southern and central 
Germany as far as the souree of the Oder. And a third chain 
seems to have been even more extensive, stretching from the 
neighbourhood of Berlin, across Westphalia, Belgium and 

tjft 
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southern EnglandK here piobnbly linking up with tht Armori- 
i^ri T3ngc, and then ixttoding as a tand'bridge as far as the 
j Appalachians. Of other kiioivn ccrxcspial ^rmations the 

j Ordls were Certainly created from the sediment of the Obi 

, Sea. SLnfioltancuusly there ivere tremendous eruptions of 

* granite and porph/ry^ and widespread rock upheavals. As a 

I result of mountain formation in cetitrai Europe, the Tethys 

I Sea retreated. Only a shallow arm now stretched from England 

I over Belgium. Westphalia and Berlin as far as Upper Silesia 

I and coittinued to exist (or a very long time with a varying 

I depth of water. Its dat and perpetually $wampy Coastal areas 

I were the regions which eveattually produced the greater part 

1 of Europe's ooal deposits. 

] The acmal chemical process of ooal formation is well utiider- 

I stood. It is, in £actj nothing more than the continuing enrich' 

I ment of the carbon content of dead plants aEter air has been 

I CKcluded, in a process which requires certain special ain- 

i ditions. In normal conditions plants, after they have died, are 

ill-suited for preservation, for they are rapidly decomposed 
by the oxygen in the auno&pliere; so one essential is a swampy 
I ground Into which the plants can quickly sink to a consider^ 

I able depth and be scaled off from the air by layers of sand or 

i mnd. In these circmnstances, and as a result of heat and pres- 

' sure, disintegration takes place ivEth the release of water, 

^ oxygen and hydrogen, with corresponding enrichment oE tlie 

J remaining carbon. The first stage oE carbonisatlGn produces 

' peat, which has k carhon content of 40 per cent. Under con¬ 

tinuing favourable conditions, the next stage reached is brown 
I coal, which has a 45 per cent carEjon content. Then for a ivhilc 

! nothing further happens^ indeed, the broivn coal can survive 

in its own state for a practically indefinite period unless; quite 
ox traordinary tectonic circumscances intervene. A proof of 

i this arc the brown coal deposits in the Moscow area which are 
certainly of Carbomferous origin but have never turned into 
real coal. In order to complete the process, immensely 
f increased pressures arc necessary, such a?, for example, monn- 

J tain foldings. Only then docs there occur the final transfoima- 

' tion into coal with a carbon content of about per cent, 

^ rising to 94 per cent In anthracite and 100 per cent in the 

j case of graphite. 



and then came KfLtt 

From this it must be clear why coal is such a typical con¬ 
stituent ot CarboniftnaUB dieposLtSij though only in strictly 
limited areas. Cwl could occur only in Tcgious o£ extrentcly 
htKuriant CTvaffip flora ^^hich later was subjected to the pres¬ 
sure of a mountain folding process. The CarboniEeroua Period 
fulfilled both conditions- Therefore the richest and most im¬ 
portant coal seams arc embedded in Carboniferotis sediments 
and in the outsVim of the Variscan morm tains. Other, later. 
CKampIcs are rare; and their situation in the region of oom- 
paratively recent folding area-s proves that they must have 
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been pnyduced in the same way as coal in the Carboniferous 
Period. Since, after the rigidiRcation of the primal crustal 
land mass of the Russian continent, no considerable sub¬ 
sequent movements took place, the carbonisation of many 
primeval carboniferous forests remained at the brown coal 
stage although the raw material was juat as old 33 that which 
elsewhere produced fully developed coal. 

With reservations, it is possible to reconstruct fairly pre¬ 
cisely the appearance of such a carboniferous forest. Layers of 
clay and sandstone, which suiToundcd the coal seams, have 
preserved for posterity a wealth of impressions of plants of 
the period, to such an extent that. Compared with extinct 
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fcKTtfsts of Other ages, a irelaci«]y great amijunt is known ol 
Lhcir size amj variation in form. [n. ccnitrast la the almost 
oaiis-like local patches of the Devonian ftora with its arid, 
scrub-type growths, in the Cm'bontfcrotis Period there were 
actual, e:( tensive forests. At firsi, they Elaurished always in 
the immediate neighbourhood of water, which oxplains their 
predominant character of swamp forests. So we must imagine 
the Earth of that day as being only garlanded io green. En 
betweei^ widely separated Forested islands vast areas of the 
land remained for the time being svithout any vegetable 
covering. 

Characteristic classes of the Carboniferous were club-moss, 
horse-tails and ferns of immense variety. Among the club-mOSs 
were LspidodiJldTon and n^igjNarca. Both grew to gigantic 
heights: Lepidodendron to 90 feet with a trunh diameter of 
6 feet, forking at the top into a modest crown; while Si^iiaria. 
in contrast, had at the summit a corn-like tuft of narrow 
leaves. The leaves discarded during growtli left behind on 
the stem hexagonal or roundish scars which look as if they 
had been impressed with a seal, SfgiWiaria, like Lepidifdundron, 
sprang from rhizomc-like creeping roots which provided the 
necessary supports in the swampy ground. Both forms died 
out in the ensuing Permiati period. 

The horse-tails, too, whose present-day descendants appear 
H[m|y as low-growing herbaceous plants, were in the Carboni¬ 
ferous giant trees — Caiamitei — also soaring Up to '^0 feet. 
Plainly, this was a ' norm' of growth In that period- But such 
plants did not survive the Permian period- 

The most luxuriant growths were the fems. Apart from 
forming nndeigrowth. they frequently grew into full-stzed 
trees. Many types crept, liana-like, around the trunks of the 
forest giants, veiling them in green. 

All these classes of plants belonged still to the vascular 
cryptogams, flowerless plants which multephcd by means of 
spores. They formed the greater part of the Carboniferous 
Bora and it was thus from them that coal was later formed- 
At the same time, the constant, steady development towards 
higher forms continued unabated, and next to appear were 
the flowering plants with naked secdj, the gymnosperms. As 
ancestors of our presentday conifer^ their particular impoir- 
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tartce {tor the Carbonifeicus Period} lay in their ability to 
t-ME on drier grotuidK well awy from the marshy regions, 
and therefore to settle as pionccES in those tcTritories that 
hitherto had been devoid of life. 

Transitional to the gyrrmospeims were two groups which 
we have come across previously. The first were represented by 
the seed-fems (Pteridosi«nn3)f still true ferns in their gcncml 
habit, yet with the fundaineiital difference that they now 
propagated by seeds instead of by sporcs. The second group 
were the Coidaitalcs, which had tall, slender stems (also attain¬ 
ing up to ^ fccE in height), surmounted by now impressive 
crowns of narrow parallel-veined, sirap-llke leaves which grew 
to a length of as much as 3 feet. They appeared for the fir^C 
time in the Lower Carboniferous and for the Ia$i time in 
the Permian. 

AL in all, it was a luxuiiant world of plants that, in the 
course of 70 million years, conquered the dry land. Naturally, 
those early forests possessed some very strange characteristio 
in comparison with forests of today. To begin with, there 
wxrc no cool shady depths. There were no flowers or colonrfuL 
foliage. The predominant impircssinn was of alitrost endless 
swampland swathed in mist. Morass-like lagoons, intersected 
by labyrinthi of water channels, marked the areas of bmchish 
water intervening between the sliallow open reaches of the 
5ca and the land sites of the great forests. 

Within these forests lived an animal world that was no 
less strange and weird. Insects, existing in the Devonian, had 
now proJiferated in bewLEdering variety, at least 1,300 species 
being known from the Carboniferous Period. And^ most 
important of ah, they had discovered how to fly. After the 
conquest of water and land, began the conquest of the air. 
All flying creaiuines in the ciirbonifenrous could still only flap 
their wings vertically up and down, and the folding of wings 
was something as yet unknown. There existed giant forms of 
startling sijcs such as are no longer known today. So far the 
record Scenij to be held by the Megancurs, an inscut with a 
wing-span of feet. Primeval iferms of the present-day 
Ephemeroptera (May-flies) attained a hand's-breadth in size. 
And moths of chat era tverc four or more inches in length. 

Among the arthropods,, there crawled through the vegeta- 
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lion millipedes several yards long, ipidcrsj and giant sicoTpiciTis. 
Snails, too, lett their traces on [he landr 

Land vertebrates in ttie form of amphibians were now 
represented in various forros^ Apart from the primeval 
batrachian which seems to connect with the ooelacanths, the 
scene was dominated by the Stenocephalia (armouT’ptated 
heads), whose low, flat, unarched skulls were now completely 
closed—so to speak roafed-over—with tiny openings for nose 
and eyes. To judge from their numerous foot-prints they must 
have been, for a long time, clumsy ciawlers like their proto¬ 
type, Ichthyoslega. 

The step up to the nejct higher class of vertebtates^ the 
reptiles^ is not a great one and took place within the Carbon' 
iferous Periud, Apart from the variations of form within a 
class, the chief distinction between amphibians and reptiles 
lies simply in their differenc modes of development in early 
life. The baETachians still continue to lay soft-shelled eggs in 
the water which is absolutely vital for their hatching. The 
young then undergo a metamorphosis, in the course of which 
they change from their larval stage of breathing through gills 
and emerge on land as fully developed animals breathing by 
means of lungs. The reptiles, on the other band, have made 
themselves ii^ependent of water. Their eggs have become 
hard-shelled, arc laid on land, and hatch out fully developed 
young which, being genuine land ammals, start straightaway 
to breathe with lungs. ^ here is a very clear example of 
adaptation to land-dwelling. Furthermore, in the ease of the 
cotylosaurians, the primiEive repEiles, the sense organs 
developed further to meet the requirements of living on dry 
land. Their sight grew more acute; their skulls became more 
domed; their brain functions assumed greater importance. 
Their powers of mobility also inctcased, an important factor 
for the future of animal forms already slender and liaard- 
likc. A new animal species was evolving which was to play 
an immensely important rote in the future course of Li^, 

The sea fauna, on the whole, remained somewhat more 
conservative. The prevalence ol armour-plated fish was 
sharply reduced, but the sharks and electric rays among the 
cartilaginous Ashes and nutneious forms of ganoid Ashes all 
survived the Carboniferous. The tetracoralla were still varied 
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and Tvid«pread, So wtre [he tabulatae, coral animals known 
since the Silurian Period, which lived only in colonies com¬ 
posed of conglomerations of tubular dweElings. The bractiio- 
pods developed to an eKceptiona! ske with Pro^dw^tus^ the 
hard shells of which were armed with long projecting spines. 
The Echinodermata were represented, as hitherto, solely by 
sea-lilies. The trilobiteSr which by now Irad become very 
"dated”, were considerably reduced in their sarictics. Only 
ig, varieties are known from the Carboniferous as'against more 
than 1,000 from the Cambrian. Their giant forms, 100, had 
vanished. Only tiny irilobitcs now continued to maintain 
their precarious ejtisience. Among the cephalopods. the gonia' 
tites continue to be the zone fossils of the PerLwL These pre¬ 
datory types bad still an important future before them. The 
Protoroa, those one-celled animalcules from earliest times, 
re-appeared in almost unimaginable multitudes—a sporadic 
phenomenon that cropd up in astonishingly varied periods. 
This tirnc they were represented by Fusilina and ValvuMna 
fforms of Fotaminifera) which—extraordinarily increased in 
sire (some as large as a pea)—became limestone builders. 

The description SO far of the Carboniferous Period—^tropi¬ 
cally hot regions of awamp-farcsts and coral reefs stretching 
as far north as Spiubeigen and NorEhem Canada—tempts 
one to assume that the whole surfEice of the Earth enjoyed 
a uniformly warm climate; and esTn if the southern parts of 
the Gondwana continent were, possibly, largely rainless, dry, 
dcsert-like regions, that still does not alter the general climatic 
pLCture. So it is all the more astonishing to learn that, from 
the Upper Carboniferous to well into the following Permian 
Period, c>ctenslve areas of the present-day East fndici, South 
Africa, Togoland, Australia, and South America passed 
through an Ice Age that, at least in its duTatton, exceeded 
any Ice Age which may have occurred before and all Ice Ages 
which to OUT definite knowledge E>ccurred afterwards. Such a 
tTemendous natural cataclysm is tantamount to an attack, an 
onslaught on life itself Imagine millions of square miles of 
land being oovered by slowly forming, onward creeping 
glaciers, towering up to a height of 3,000 feet above ground 
level. Such a scene is known today only in Greenland and 
Aniareticaj two of the most inhospitable quarters in the world. 
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And her? it occurred in negions which today are tropicali Or 
iub-tropicalr While the ^oompaiatively) recent rleLstoceitc 
Ice Age through which the world has just passed lastedj with 
sporadic warmer {ntervals, for about 600^000 years, the Permo- 
Carboniferdois let Age extended over a pcricMJ of very many 
millions of years. Fre'Cambriau icc tracts arc still regarded 
with some dubiety, but here there is no doubt at all: traces 
of glaciaJ grinding and drift-biocits carried giteat distances 
provide unmistakable evidence. There is no doubt that 
Condiyana was covered with ice. How is this mysterious fact 
to be e^tpJained? 

To tell the truth, there is as yet no incontrovertible cxplana’ 
tion. Once more, one can only suggest hypotheses of a more 
or less plausible nature. Any pDQJbihty that the present-day 
glaciation of Our polar regions is a condition that has existed 
for a Very king lime is completely out of the question. Its 
impossibility has been proved absolutely by the discovery of 
the remains of warmth-loving plants and animals in both the 
extreme North and the extreme South. It has already bccii 
rnenttoned that^ in the Course of Earth's history, the tilt d| 
the polar axis must have undergone considerable variations. 
There are no tropical growths which w’ill survive the six- 
months polar night which now prevails as a result of the 
present polar inclinatEon; but such plants, would be likelier 
to accept a more mpid alternation of day and night SUch as 
certainly prevailed during the Carboniferous Period- There¬ 
fore, in earlier times the polar inclination must have been 
much less; or etse—the poles wander. 

This latter is a daring and improvable speculation. But 
its very simplicity is attractive, Assume (and It is assumed by 
many] that in the Permo-Carboni fcTous Period the North 
Pole lay in the northern Pacific. Then its opposite, the South 
Pole, would be somewhere in the region of South Africa. Polar 
icing of the north Pacific can naturally no longer be confirmed, 
but there are very definite glacial traces to suggest that the 
South Pole may have been located in South Africa. In tltat 
case the line of the equator, too^ would have run differently, 
roughly through the warm regions of the coal areas. But then 
why were there glaciations in such vddely separated areas as 
Tierra del Fuego, the Falkland Islands, India and Australia? 
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Now we come to a bold idea, bm one which is at least con- 
ceivabk; in the mind's eye push South America and Africa 
togetberr push India Co^vaids AErtca, with the southern tip 
qE Lndia in the region of Madagascar, and finally push 
Australia west and Antarctica north-west—and the result 
will he a massive land block in which ah the areas of Permo- 
Carboniferous glaciations are grouped Eogether in a polar cap. 

This result is certainly startling. The suggestion that this 
state of affairs Once e^tisted remains still no moTe than a 
suggestion. It was put fonvard by Alfred Wegener {id- 0 t>= 
19507 perished on an Arctic CKpedition), who then proceeded 
to coTutruct on these premises his much-discussed Contin- 
entil Drift Theory. A somewhat closer eitamination of the 
outlines of the continents and islands on a globe reveals the 
astonishing fact that in very many places the coastlines of 
land masses lying opposite one another do fit into each other. 
Most obvious is the example of South America and -Africa, 
and it is not dMcuEt u> imagine a conjunction of Africa- 
Madagascar, Australia-New Guinea, Bortieo-Celebes and 
many other combinations. Wegener accordingly asserted that 
originally there were not a number of spatialiy separated 
primal continents, but one single, immense land-mass which 
continued in existence up to the Carboniferous. He then went 
on to assume that this mass—probably as a result of the Earth's 
osciHaticin—bnjke apart into pieces which we Still recoguise 
today and that thefie pieces drifted! iwiy from each other like 
floating icc-Floes until, after hundreds of millions of years, 
they reached their present positions. 

He elaborated this hypothesis extensively and offered, in 
rather tempting form, apparent solutions to a number of 
geological problems. He even explained the folding of the 
^utb-North American Cordillera chain as a result of the 
piling up of the westerly drifting land-mass. 

Of course, Ely making such assumptions he Stood the whole 
of primal geography, as hitherto accepted by geological teach- 
jugs, on its head. In itsclE, tlm would have been nothing to 
worry about. For the sake oE greater knowledge, anyone would 
have been ready to leim afresh. The important thing is how 
far this hypothesis is tenable and how well can it be fitted in 
with all our other knowledge about primal epochs^ And 
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hcTC, unfortunately, objecriom mauni up apace and amass. 

It is proved and accepted that whole COlULincnls Can drift 
On the .sima, Greenland floats 30 yards s. year towards North 
America, Recent work on the directions in which these early 
deposits were magnetised also supports the idea of some con¬ 
tinental drifting having taken place. Wegener may have been 
rathcT ovcT-dogmatic and naive in hSs viewSj which have been 
vigoroualy opposed by many geb1ogi!tSr It is still not possible 
to decide for certain for or against Wegener's theory—modifi'^ 
cations of it (snch as that put forward by Du ToLt} prove more 
acceptable to geologists- In view of these conflicts in opinion, 
there is probahily little point in pursuing this matter further, 
and we may mm to other solutions to the riddle of glaciation 
during the PermO'Carbonifeicous Period. 

The idea of a migration of the poles is still eagerly can¬ 
vassed, although it can scarcely be made plausible geO' 
physicallyr Above all, it tacitly ajuilmcs that the polar regions 
were always covered by ice-caps, in a way that they are today. 
But were they—even in the distant Cambrian Period, or the 
pre-Cambrian? What if the present glaciation of the poles 
were nothing else but the lemains of the Pleistocene Icc Age 
which is only just reacbing its end and which, naturally, with 
the present inclination of the a^is, would survive longest in 
the most climatically inhospitable regions—the poles—but 
one day will vanish entirely? It is a mclconoJogical fact estab¬ 
lished over the Jast few decades that the arctic region is 
steadily growing warmer. (This, also, is one cause of the 
unsettled, quite abnormal weather which has been allicting 
Europe.) 

It is by no means certain that the Earth's poles^ even at the 
most favourable inclination, would necessarily be covered by 
ICC- On the eonttary, it is quite certain that over vast periods 
of time they have not been icc-cappcd- The movement of the 
poles is, therefore, no more than an idea, with no Aort of 
proof behind it. Vet, on the other hand, the Ice Ages were 
facts which have to be e}tplained. 

What, then, were tlie climatic conditions during the 
Carboniferous? Obviously, they could not conceivably have 
been anything Other than tropical in the present sense of the 
word, and possibly even ivarmcr. And this most have applied 
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to most parti ot the Earth, ior most of the duration of the 
CarboniEerous Period. The atmosphere must have contained 
a considerably higher quantity of carbon dioxide than today, 
and, as has been previously mentioned, this would have acted 
Like a built-in greenhouse window, retaining the Sunlight irt 
the form of warmth. Now this suggests another theory; in the 
Carboniferous, for the first time on Earth, the wildly Itmuri- 
atiog plant'World began to play its part as an additional con¬ 
sumer of carbon dioxide; the plants absorbed immense 
quantities of that gas from the air and they transfonned its 
carbon contcrit into coal; as a result, the COa content in the 
atTn<Hpheie decreased, its ''greenhouse" action was dimin- 
ished> the temperature fell, and an. Icc Age was the conse¬ 
quence of this atmospheric metarnorphiisis. 

This conception originated with the Swedish scientist 
Arrhenius, It jennds almost too convincing, particuJarliy since 
it is equally applicable to the Pleistocene Ice Age which was 
preceded by the excessively liiKuriant vegetation of the brown 
omi forcBia. Unfortunately, questions arise here which cannot 
be answered. Why did only the equatorial regions of Gond- 
watia become covered witli ice? How did an Jcc Age occur in 
the Cambrian when there lA'ere as yet no land plants? How 
does this hypothesis explain the completely irregular recur¬ 
rence of Ice Ages while the diminxiiion of carbon dioxide in 
the atrnosphere was a <x>nsisLcntly steady process? Every Ice 
Age wc know of was far from l>cing an. enclosed process of 
simple glaciation and melting; instci^, it was broken up into 
a number of main advances and numerous retreati. In the 
Permian Period, Australia alone was subject to six major 
advances. Put between each there were very long warm 
periods (Interglacial), during which the ice retreated Ear back 
or else disappeared completely. The old sub-tropical regions 
were restored until a fresh advance hy the glaciers drove them 
back Once more. This bitter to-and-fro battle becomes very 
plain in the Pleistocene Period. 

The problem of this phenomenon caused a great deal of 
brain-racking, generally in vain—until suddenly it was 
recalled that the Earth is a member of the solar system and 
completely dependent on the Sun. A slight diminution in 
the intensity o£ the Sun^s radiation would Suffice to produce 
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overwhelming cLimicic effect^- The lowering of the Son's 
surfsKe tempcraiuie by loo® Cr would bring about an Ice 
Age through an average decline of tcmpcraUtre on Earth o£ 
about 8^ G. (jH> fFiore p> So the question waa put 

lo the aAtroncmeita: could this happen^ 

The immediate answer ia comforting. %Ve hnow oE varia¬ 
tions in temperature and radiation in the willed variable 
scars", which arc predominantly unstable, pulsating sutis 
with periodic change of light intensity, but our Sun is not 
one ol these. Even though it is probable that the Sun is slowly 
losing heat this decrease is so gradual that it could not possibly 
have played any pare In the ii^egular glaciation periods oti 
Earth, Yet nmv comes a " but". In outer space, probably in 
the majority of galaxies, there arc vast areas containing con¬ 
glomerations of dart matter. These dark clouds are certainly 
very tenuous, but we know that they arc w great in estent 
that they diminish oonsiderably, and even estinguiab totally, 
the light of numerous suns situated in and beyond them. Even 
in those regions of the Milky Way richest in stan, aslrono- 
rner$ are coutinuaily discovering completely inexplicable 
''holes” whicb are nothing more or less than dart clouds 
co'ncealing any view of the suns behind them. 

It has already been mentioned that our Sun, together with 
its covey ol planets, orbits about the centre of the Milky Way 
in one of its spiral arms. Its actual orbit Js immense, taking 
j^OjDOOkOoo years to complete, although it moves at 175 miles 
per second. It can be taken fO'T certain that some time during 
this cosmic year tbe path of the Sun will pass through a realm 
of dark clouds. With what result?' Undoubtedly a fine layer 
gf dust will intervene between tbe Sun and Its planets. Dust 
fine^ indeed, Ijeyond conception, imperceptible to the human 
eye, but quite suEheienC to diminish considerably the radia^ 
tion power of our '' day star Such an effect is only to be 
expected, fur the gravitatianal attraction of the Sun as it swept 
through the dust belt would cause suig^Ingand a^omcration 
of the dust. This theory provides an cas.y explanation for 
almost all Icc Ages, for any variation in dteir development 
and for differences in their durations, all Factors being depend¬ 
ent on the position, in space, of the dark, clouds aud the 
density of those clouds, which must certainly vary. 
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The inevitabTy speculative character of this hypothesii 
takes on a very different aspect when oiac eEatntnes it some¬ 
what more doscly^ U is possible that the dark clouds as a 
whole do move in spacej but there is no evidence of this, so 
there is no leason to regard them as other Ehan static. That 
being Wh the Sun in its courac must repeatedly travel thrwigh 
these clouds at roughly the same intervals in time. So let us 
look back 4S0 mihiooi. years. The Earth was then right at the 
end of the Cambrian Feriodj from which frequent glaciation 
traces have survived. The result is equally startling if we go 
forward from there through 540 million years towards the 
present. Wt should then be It the end of the Carboniferous. 
And yei another *40 million years on takes us almost 
into the PlcLstoCCne—the latest Ice Agic- Even if the dates 
are out by ten or a few more million years, this correspo-nd- 
ence seems to provide striking proof in favour of the hypo- 
thois. Any small differences in time can be attributed to the 
variations of conditions and movements within the dark clouds 
themselves and also to out uncertainty as to the exactness of 
our geological time-scale. Even the great difference between 
the durations of the Pernio-Carbontferous 9nd the Pleistocene 
Ice Ages is Completely unimportantr For who can say that the 
last Ice Age has finished? What if the past 1^,000 years since 
the "final” retreat of the glaciers is only part of an inter¬ 
glacial wann period? The dutatioji of the last three inter¬ 
glacial periods in the recent past were 70^000, 90,000, and 
fi^jOOO years. A further proof of the hypothesis is provided by 
the astronomical fact that at the present time our Snu is 
moving between two gigantic dark clouds, one of which was 
left behind in the Fleistooenc, The other we may reach in 
about 50,000 years. That would mean a fresh glaciation or, 
more accurately, a continuation of the old one, so that the 
period from now on until 50^000 years hence is nothing mote 
than an interglacial interval. This alternation can last for 
another several million ycarSj so that the Pleistocene glacia¬ 
tion could finally prove to be as long as the Permian. This 
very conception shows again how helpless we arc vis-i-vis 
geologit^l time-spans. To us. a mere io,ooo or so yrars is 
such an Immense period that we boldly sutc that the latest 
Ice Age as a world-wide manifestation is past and that it has 
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bstfid an (ncom|jarab'ly ihoner time tiian the TermfrCarbon ir 
ferous 1 « Age. Bot—from the geological point of view—we 
may bc StHt at the &[artEng-post] 

Iti spite of the probability of cosmic influences being a 
coniribtitory cause of Ice Ages^ ail problems concerning the 
phenomenon of glaciation art far front having been solved. 
The only thing that astronomicaJ dLsceverics can definitely 
explain h why there should bc a general lowering of tempera^ 
ture under the particular circumstances described. WTiat hap¬ 
pened on the ^rth thereaEteif why this particular area waj 
covered by Ice and that not, involves a scries of problemi 
which are still a cause of scientific headaches. Tn the last Ice 
Age, the centres in Europe and North America from which 
the glariation spread were the Scandinavian, Scottish and 
North American rnguntains, aa well as the Alps. It is therefore 
possible that in the Permo-Carbonifenous there existed, in 
the regions affected, particularly high mountain ranges which 
became the sources of the formation of massive glaciers. This 
would presuppose very considerably increased rainfall, which 
most probably did occur as a result of the drop in temperature. 
Perhaps, in fact, only the mountain heights were responsible 
for localising the glaciation. It must be borne in mind that 
a sudden but steady spread of Ice would of itself continuously 
aEea the climate of the areas concerned and bring about 
conditions conducive to an ever-incrcasing rcinEorcement of 
the ice-masses. Cold air must have collected over the ice&elds, 
" polar fronts " must have arisen, ivhich would have exerted 
an influenoe on. the general weather situation, much as they 
do today. The dfsappeamnex of the tropical Carboniferous 
flora in the following Fcrmian Period fs dosely connected 
with this. Let us hope that one day a theory will emerge which 
will explain all the unsolved riddles of the Ice Ages. 


CKAPTEK TfrW 


The Earth in the Permian Period 


The events just dcAcribed h^vct in (act, broueltt us tieep 
into the Pcrtuian Period which followed the CarboniEeirous. 
There are now o«!y 140,000,000 years to the preacnc day— 
strangely enough, a aHmie year for the Sun, Our radio 
wave at the beginning of die Permian Perichd, was syo rnillion 
light years oEf, somewhere deep in the realm of the spiral 
galaxies on the far side of the Milky Way, still some 
1,6M'j00o,otM^ooo,ODo,*oo,ooo miles away. 

The Permiiti Period itsclh—its sediments were first identi¬ 
fied by Mnrdnson, an Englishman, in the Russian district 
oE Perm—lasted 45 ,ooo.o£mi yean, W^ith it ended, from the 
geological point of view, the Earth'^ primeval era, the Palaeo¬ 
zoic, The two great snb-divisions of the Permian arc the hfew 
Red Sandstone and the Limestone. 

Tectonicafiy, much happened throughovc the whole 
Permian Period, The Variscan mountain-building at last came 
to an end. The glacial invasions of the Carboniferous [ce Age, 
with all their consequent effects, continued far intO' the 
Permian. In New Red Sandstone times tliere occurred wide¬ 
spread eruptive outbursts of quartt-porphyry and tuff. Sedi¬ 
ments consisted of sandstone, clay and doLomlto. 

The climate underwent a considerable change from that of 
the Carboniferous. The icc masses in the Gondwanalaud 
continent stored up immense quantities of water, so tliat the 
seas retreated in other areas. The surface water level must 
have sunk, resulting in proitoitnced tendencies towards the 
emergence of land; in particular, the northern land rrassca 
became drier, and more desert-like. In the Limestone pbate 
once more there occurred oKtensive flooding of areas in 
Central Europe and North America, and the formation of 
the Permian Limestone sea, This flooding was particularly 
important in creating the deposits oi rock-salt and potassium' 
•i* 
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salt tvhicli we escploit today. The Limestone sea can be 
regarded as the produt;t of enclosed inland seas evaporating 
in the desert heat and depositing their salts. The immen^ 
acoumnlatLon of salt cannot have ignited Erom just one 
evaporation of a sea basin. Throughout millioni of years the 
oceans must have trickled through to the LimesEone sea by 
narrow and shallow cbaiitiels, so that unfailing supplies of 
sak water continually compensated for the steady process of 
evaporation. Probably the Limestone sea was entirely ladling 
in freshwater supplies ftom riverj emptying into it; and very 
likely there was an almost total absence of lain. A whole 
number of factors must have combined to produce salt 
deposits of such vast CKtent. 

In every respect the flora showed a considerable change. 
The almost unimaginable luxuriance of the Carboniferous 
forests rapidly disappeared. The drying earth favoured the 
development of gymnosperms. The distirictive representa¬ 
tives of the Carboniferous forests died out- Gondwanaland 
for the first time produced an indigenous (lora in the shape 
of Ghyssopleris which later migraied into the northern hemi¬ 
sphere. The trees of the southern continent show rings which 
suggest seasonal changes of climatCr 

The steady progress towards gymnospeims (plants whose 
seeds arc not endased in an ovary) continued through the 
vauisbing Coidaitales of the C.stTbouifcTQus to complete 
developmenr in the European Limestone Period. Chief among 
the conifers was the genus Waiehin. The first cycads also 
appeared, forming a sort of mtd'Way stage between fems and 
palms. They ate represented today by tbc weH-tnown tropi¬ 
cal sago-palm. Furthermore, the class of Gingkoales Is repre¬ 
sented, of which only one spedcs iiill eidsts tc^ay, the GitigAo 
tree, which is much admin^ as a park omamentr GifigAo and 
its relatives first appear in the late Permian, and the distinc¬ 
tive fan-shaped foliage is often abundant in strata of MesoKoic 
age. 

In tbc animal world, too, a considerable change took place. 
The trilobites now vanished completely from the scene, an 
age-old, outworn, superseded dass. Important marine lime 
deposits testify^ to a further flourishing of the cmc-ccllcd 
Fusutinae. But with the end of the Permian their powers of 
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survival cbted tw>. Conapiciiows amonj the rermiafl brachio^ 
podi were reJalLvei of the important Carboniferoui genm 
/■rcNluciyJ. which lived together in great colonlti lihe corals 
and thus actually formed rects- The Tetracoralla diminished 
and were finally replaced in the ayhsequeitt Trtassic Period 
bv the Hcxacoralla Among the ccphiLopods the prcdaioiT 
ammonites^ gradually superseding the already increasingly 


19. Braru;hiot9Wf'iifr an amphibian £rom the Permian 
(according to Henning) 

obsolescent goniatitn from the long-ago CarboiniEeTous, 
became widely dissemiuatfid. There will he much more to say 
about the former, L^mellibranclis and gastropods 
in an ever-increasing mimbtr of new classes. Among the crabs, 
too, there was a great dying out of the old in favour of more 
modern forms. Development of the fishes proceeded cninpara 
tivcly steadily. It appears as if the shark became somewhat 
sarcer. 








THE EAHTW IK THE TERWIAN PERIDD 1^5 

An imporiani actp forni'arda waa made by the ituecu. The 
climatic conditioiia, which were ccri;a[nly Tuost unfavourable 
compared to those ot the CarbcinileiioiiBK led to the introduc- 
tioTi of A pupation stage in whichi the not yet fully developed 
young insect could exist for a considerable time without 
external nourishment. At least, it be assumed that 

envivonmental influences played a large pin in this develop¬ 
ment. At the same time, ilic tendency to grO'W to a gigantic 
size, which obviously was of little use to insects, diminished. 

The course of evolution of the land vertebrates led steeply 
upwards. Among the amphibians the Stegocephalia were 
represented by three orders, which, ranging from the croco" 
dile type to the snake-like, displayed a great capacity for 
variation. Of the order Labyrinthodontia (so called because 
the biting surface of their teeth, like chose of the codatanth 
of the same species, had labyrinthine furrows), the best known 
—as the result of well-preserved finds—arc Arch^gosauna, a 
crocodite-likc creature in shape and length (aboiu 4-5 fcci^ 
and also the branchiosaurs, tiny animals which stem to be 
young forms of some other group. 

The original slithering method of progress must have 
developed—probably as a result of the necessity for quicker 
movement to cover the greater distances between water- 
patches—into a walk which would not, however, have 
resembled the elegant, gliding movements of many reptiles. 
The English naiundist Thomas Huxley (1 ftas-i 895) expressed 
tbis very vividly by stating that with their fat stomachs and 
short legs these creatures must have stumped forwards like 
Sir John FalstaEf. 

Among the reptiles the famous anccsiial group, the Cetylo- 
sauria, was flourishitig and important Permian discoveries 
have been made in Brazil, Texas. Russia, and Sooth Africa- 
The variations in reptile forms were great and soincwhaC 
suggestive of the experimental shapes of saurians during the 
Earth's middle ages. Nine-foot-long crocodile- or lizard-types 
are not rare, Eunotojaurus^ with its widely projecting ribs, 
already carries a suggestion of the tortoise and can be regarded 
as its ancestor. Teeth reveal that their diets extremely 
varied. Some types were herbivorous. Others lived on hard- 
shelled animals. Others again, like UfitdoMum*. were obvt- 
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(jusly pncdjttny liiard-lilcc animals. As well as sEraddle limbs, 
OTIC finds molc-lilGc digging feet. 

AffsOTjiurus^ a Fennian reptile from BraiLl and South 
Africa, is particularly interciting. It is the oldest Itcioivn case 
of a land animal reverting completely to the water, its paws 
becoming webbed and its dicE ILmiEed to fish. Later, cases of 
this sort occur frequently. 

Even more interesting, howe:\'er^ is the reptile world of 
South Africa. The Karroo formation Ln the Tableland of the 



jO. E^phos&UToi. A g-foot-long icptile from the Fermianj 
discovered in Texas 


Cape, an immense Stratified mass of inarJ and continental 
sandstone of a height between jt,ooo and 3,000 feet, has pre* 
served in it a whole series of Permian reptiles placed in the 
order Thcrapsida. These interesting creatures already show 
many features characteristic of the mammals [a group which 
was still to cs-olve). In particular this future trend was 
revealed in their shull and tooth structure. Thus these 
therapsids already had very long post-cranial spinal pro^ 
jections {Jin-bachedJ and teeth divided into incisors, canine 
and molar teeth. In some specimeiii there is a suggestion of 
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rtarxfiw, predatory heads with protruding noses. Ey« and 
temporal groove* were connected by open channels. The 
structure the pelvii la very impovtantj far it iiiggesia that 
these reptiles may have given up laying egg* and, init<ad, 
brought forth living young into the world. 

This meana that one of the mosi important steps forward 
in the whole history of the animal world had taken place. 
Remarkable and very enlightening i* the fact that this hap¬ 
pened in Permian Gondwanaland with its CKiremcly mi’ 
favourable climatic Ice Age condtiions. Just as the insects 
in rearing their young ''discovered" the protoctive pupation 
scagej so the reptiles of that harsh region would also have had 
to attempt something to ameliorate the lot of their brood. 
Hitherto they had generally laid their eggs in hot sand and 
left the final hatching to the all-beneRcent moiher-Sun. But 
this amenity ceased wlten tlic Ice Age radically altered the 
climate, and undoubtedly far a very long time something 
approaching mass extinction took place until Nature Jit upon 
the solution of ensuring, by the means of direct birth of 
living young, the continued survival of the species. From this 
emerges the fact that development in a progressive sense 
takes place faster in a period of menace and danger than in 
one of idyllic serenity. This is even more obviously apparent 
when t^e come to the development of man. For pre-man made 
a timid, tentative appearance in the Tertiary warm period 
cft'CT 10^000,000 years ago, and thereafter made negligible 
progress; then during the Pleistocene Ice Age which lasted 
A mere half million years he rapidly achieved his present- 
day maturity. Danvln's "Survival of the Fittest” is indeed 
one of the most peneirating concepts of bioCogicai cause and 
effect. 

So much for a brief survey of the Permian Period which, 
forming the conclusion of the Earth's antiquity, was the fare- 
runner of vital and decisive developments to come. 


CHATTER ELEVET'J 


New Red Sandstone^ Muschelkalk 
and Keuper 


The Middle Age of the Earth (Afejoiflif) begins wLtli the 
Triassk Period. It lasted 45 million years. Tine chief sub¬ 
divisions are, from bottom to topt Netv Red Sandstone 
(Buitter), Muschelkallt and Keuper—this three-Fold division 
giviitg the period its name. Its geographical map displays, so 
£ar as we know, the greatest agglomcTacion of land-masses in 
the whole of Earth^s history. During the Mew Red Sandstone 
Era Gondwanaland oe<m more expanded vastly. Only the 
Ticrra del Fuego tip of South America seems to have remained 
isolated- As to the possible linking of the present continental 
portion of Antarctica with Gondwanaland, unfortunately far 
too little is known today to enable us to make any definite 
pronouncement. The Tethys Sea jforrned two eonstricied 
basins, one in the Atlantic and a second in Europe-Asia. 
Solid land-bridges Connected Gondvi'ana with the norihem 
land block. These probably cro^d the regions of the central 
American Antilles^ West Africa and Indo-China. North Asia 
and Alaskan Ameirica were separated by a broad arm of the 
sea at the latitude of Sakhalin- Europe, in the Tcthya nttgiem, 
presented a predominantly insular aspect. Thus it would have 
been possible to make a trip round the sforld dry-shod, fmm 
North Amcxlci^ via Northern Europe, Central Asia, the East 
Indies, Australia, and thence to Africa and Brazil and back 
again to North America. But this arrangement of land and 
water areas must not mislead us, for the actual aggregate 
proportion of land to sea must have been roughly the same 
as it is today. 

Tectonically the whole Triassic PcticmJ svas comparatively 
peaceful- No noteworthy cases of mountain-forming ate 
known. Even deep eruptions and vulcanism have left behind 
IS* 
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only Vtry slfght [race. The folding-wave of the Carboniforeuv 
Permian had long imce mme to a standsiill. Following on the 
cyclic alternatioiT) of eosion and re-folding, there came now 
the sequence o£ croaion and sedimentation. In the New Red 
Sandstone the eponymous brown, ted and white sandatones 
were the fint deposits, aa well as clay, marl and chalk sand- 
atone marbled with colouircd veins, The Island of Heligo¬ 
land is an Outstanding example of the stratifications of that 
tcmcr The Muschcltalk Eta produced oi^nogenic limestone 
banks {lamellibranchs, Echinodermata, algaeji. marl, and 
dolomite chalk. The Kouper Era contribuced, inter flha, 
schistous day and quartz aandsionc. 

During the Muschelkalk and Keuper times, large deposits 
of gypsum and rock-salt were onoe more laid down. So, as Ear 
as dimate and geography went, everything must have much 
resembled the Permian, The temporary expansion of the 
Tethys Sea produced the Muschelkalk Sea which, like the 
Permian Limestone Sea, evaporated rapidly and left behind 
salt deposits. The rust-red coloration of the New Red Sand¬ 
stone sediment^ also suggests the characteristics of a desert- 

This desert'] tke nature of the Triasic Earth was not exactly 
favourable to the spread of vegetation. Although here and 
there luxuriant forests did definitely appear, tn every case 
they were predominantly of the oasis type. Local areas of 
vegetation were the nilc. The hanks of rivers presumably 
supported gallery forests, the shores of the shallow sms and 
swamps would have hecn covered with thickets of cryptogams 
which, further inland, would give way to light clumps of 
conifers. The whole floral scene was composed of cycads, tree- 
ferns, and conifera as well as honut-tails, bushy ferns and 
Lycopods. Represented among the conifers were the arau¬ 
carias {up to iSo foct in height in the Trias of Arirona)^ 
Taxus and Cffig^o, At the end of the Reup*r Era came the 
first pines. After the cycads arose the Benneritalcs from which, 
possibly much later, the first Rowering plants developed. 
Adapting themselves to the dry ground, there also emerged 
plant forms very mnch resembling cacti. Thus Mfo developed. 
But the total impression of the period gives the feeling that 
the overwhelming dryness of that land-building era made 
things very hard for all vegeLation. In the sea it was once 
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again ihc lime-depositing algae which built up tremendous 

reefs, particularly in the island-area which subsequently 

became the Alpine region. . . r .u . 

The Tria«ic marine fauna was differentiated from that of 
the Permian by a spate of entirely new species, so that the 
distinction of Palaeozoic-Mesoroic is justified by this alone, 
although there are scientists who would regard the Permian 
and Triassic as one period. ... 

The trilobites and Tetracoralla, as well as the majority of 
the forms of primitive crabs, had already died out. '^e 
brachiopods, formerly so widespread, were now very rapidly 
on the wane, as were also the sea-lilies (crinoids) among the 
echinoderms. In their place the Hexawralla together wi^ 
the lime-depositing algae were now building enormous reefs 
in wide stretches of the open seas. In the Pacific regions of 
Canada down to California, as well as throughout the whole 
of the Tcth)-! Sea, their fossilised traces are to be found in 
immense deposits. TourUu and climbers in the present-day 
Dolomites are walking over former ocean deposits froni the 
Triassic Period which subsequently were pushed up to forin 
mounuins. More and more laraellibranchs appear in quanti¬ 
ties, rich in variety and beautiful in form. Indeed, the sedi¬ 
ment of the Muschclkalk gave iu name to the middle part of 
the Triassic Crustaceans appear in modem shapes, the pre¬ 
decessors of lobsters and crawfish. Among echinoderms the 
sea-urchins developed entirely new families, from which the 
present-day types have ultimately evolved. 

A peculiar happening occurred among the ammonites. 
(These belonged to the Cephalopoda, as do our present-day 
squids, which are the most highly developed animals among 
the molluscs; a considerable degree of intelligence, even, is 
ascribed to the squid and its senses arc excellently orpnised.) 
At first during the Triassic, the ammonites evolved in a rich 
variety of forms. The gas-filled chambers of their snail-like 
housing provided an efficient protection for their soft bodies 
and allowed them to become proficient swimmers. To judge 
from their wide dissemination (they are thus of outstanding 
value as zone fossils), they must, by their i^essive and pre- 
datory habits, have largely dominated life in the seas. Never¬ 
theless, towards the end of the Triassic they suffered a strange 
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and totally IncKpLicablc mass cxtiiiaiM. Only one fatnlLy, 
the nionophyllltidae„ survivicd and became the ancestors of 
new races of ammonites that flourished In the following 
Jurassic Period. The circumstances causing this mystcrioui 
ii^aning and ivasing arc completely tirJcnown. 

Closely connected with the ammonites, but probably even 
more closely melated to the squids, are the belemnitcu. They 
had, like the squids subsequently, already dispensed with 
exiteinal housing and had acquin^ a son o( " cuttic'bone ” 
as an internal framewent,, which, through increasing accre¬ 
tion of IS me, ejt tended hackwards in a straight, pointed 
scnicturc. Since in the great majority of rases only the internal 
skeleton became fossilised and survived as fossils; they featured 
tn popular iupex^tition for many centuries. Long before it 
Was discovered what they really were they were called thunder¬ 
bolts, finger-stones and deviP.s fingers. It tvas assumed that 
they were the products of thunder and lightning, and magical 
powers were ascribed to them. In theTriaisic chc cephalopods 
still had sia: ten tad eg, i.c. prehensile limbs attached to the 
head. The eight-tentacled type only arrived later with the 
octopus. Several lucky finds have brought to light samples ol 
theiT skin pigment, which proves that they algo had the prO' 
perty ol being able to dtscliarge "ink" and (htts camouRage 
themselves in clouds of dark liquid. They, top, were eKpert 
and rapacioL]s predators. Apart from them, sharks and rays, 
as well as bony flsb resembling pike, dominated the tnarinc 
^voild. Anotfier familiar acquaintance of ours, tbe Australian 
lung-fish, CeraloduSf now reached its first full development. 

The anaphlbian world was stiU represented by the Stego- 
cepbalia. A particularly enormous specimen was Mastodon- 
jaurtfj^ which bad an overall length of 9 feet, tbe head alone 
being 3 feet long. Their fossilised rfitnains are numergus. In 
South Germany, South Africa and North America quantities 
of them have been found within very small, oEten marshy, 
areas. At first sight these would appear to have been R'Cei- 
dental accumulations of dead bodies; but in such restricted 
spaces it is for mote probable that ina:ss deatlis occurred fioin 
some cause or other. What actually happened can only be 
surmised. The Stegocephalia were always clumsy beasts. Their 
breast and stomach armour, as well as their short kgs^ suggest 
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(hat they were never as mobile as conditions of life on dry 
land really required. Perhaps they relumed again and again 
to the tvater to which they were so accustomed, until the 
extensive emergence of land, the drying out of the Triassic 
oceans and inland seas, finally proved their doom. Indeed, the 
last fossils of their race were found in the so<alled " Lcttcn- 
kohlc", former swamp-forests of the Rcuper. Once again a 
primonlial animal type had vanislied from the face of the 
Earth. 



XI. Maslodotaaurus of the Triassic Period 


Among the reptiles, the first turtles appeared. To begin 
with, they were genuine land animals, equipped with a full 
complement of teeth and entirely adapted to life on the 
steppe-like dry-regions which, indeed, were virtually deserts. 
Only very much later did they develop types which took to 
the water and became—as they arc to^y-^eep-sca dwellers 
who only come on land to lay their eggs. 

There was considerable diversity and novelty among the 
other reptiles. The great age of the saurians was dawning. The 
cotylosaurs, their original ancestors, had vanished. In their 
place the world began to swarm with grotesque and fantastic 
creatures, and it must be borne in mind that as yet we only 
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15. {Abovf) Foasitiscd ammonites. 
{Bfltnu) Fossilised iKlemuites. 















17. Skeleton of Brmtiuaxtnts from the North American Jurassic. 
AnMTrriTJt .\/uMi(tN «f .S'ahtral HisUny, Xfw Tork. 
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kiioiv a Er^Cion of t]iat vanished unlinal Tvorld. Tnnumcrablc 
typ«5 imy still lie undiscovered in the vocks. Many, possibly, 
never becime fossilf at all. From both the Penuian and the 
"Iriaasic Penotk ntinicrous footprints survive ^vhlch only in 
a few ctMis can be tdentifictl with known primei;al animals. 
In this cantcKt Cheirolherium flitcmlly "iiand animal"'] is 
particufai'ly celcboteti, being known only frenn its footprints. 
On the basis of the length of its stride, the shape of its feet and 
the depth of the impressions, tlic palaeontologist Socrgcl 
made an attempt to rcconstrnet it. His extremely interesting 
tvork has met witl] scarcely any criticism and it is to be hoped 
that one day a hteky discnvcTy of fossil iremaiits will provide 
the -siinic ooTifirmation as was given to Cnvicr's brilliant recon¬ 
struction of Palacothtriutti. 

Two animal characteristics arc pavticulairly repirKcntative 
of the Triassic: first, the raising of the body erect to walk on 
ttvo legsj and second, a tendency totwirds adaptation to life 
in the tvarei. It is quite cerLain that all reptiles first developed 
□n laricl, probably ill arid, climatically unfaiiourable regions 
svhlch greatly aggravated the struggle for mistencc- In such 
circninstances ali possible bodily postin-es and corresponding 
means of controlIing them must have been tried out. Included 
among these svas the upright carriage of the body for the 
purpose of a more extensive view over the terrain and an 
early sight of prey or enemies. This erect posture srtes cer- 
tainly associated with tlie transition to rapid mtn'emeni. The 
almost legendary Chsirolherium was one of these bipeds. So 
was Pialeoiaunis, an animal nearly iS feet long, of which 
noavly forty welhprcscirved skeletons were discovered for the 
first time (between i^o^ and 1^14} in a day pit of the Upper 
Triassic near Halberstadt, Germany. For discoveries such as 
this the scientific svorld is very fn^uently indebted uj the 
intolligcnce of quarry workers. In the case of the Halberstadt 
deposit, it is almost certain that many fossil skeletons must 
already have been lost during the excavation of the layers of 
day, before a worker reported his suspicions of [he presence 
of '"antedihevian ” animals, thus bringing geologists and 
palaeantologists hurrying to the spot. 

/’fjitfosavrus was already a genuine dinosaur, one of those 
" monsters'"' which later achieved such an extraordinary 
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culmination. Thjese cMatufe* must hive been at least 9 feet 
talln anti their front feet were already capable of gripping. 
Probably they were herbivorous- 

As in the case of AfoJiodofUfluriiJ, their mass graves witnin 
compiratively restricted areas at first suggest that we ire con¬ 
cerned with a heap of animil bodies swept toBcther by mn- 
ning water- But against this is their excellent state of preserva¬ 
tion and the fact that they were embedded in what was 
formerly red clay diisi. Purllicr discoveries subsequent to 
E911, in the region of Trossingen in SwabSa, caused F. von 
Hnene to visualise the Kcuper landsape in that particular 
area and thus produce a picture which suggested a possible 
reason for the CKtinction of these creimres. 

As a resnlt of geological finds he reconstructed, notionally, 
in that part of Germany an extensive desert area beyond 
which extended an inland sea. Across this desert stretched a 
regular migratory track made by the plateosanrs—a tract 
permanently in use, in order to enable the beasts—perhaps 
annually—to leave their normal habitus that were drying out 
and sect the richly vegetated shores of the inland sea. This 
very cKltausiing comiunnal march would have pitwed too 
much for the weaker creatures. Vet all must have gone well 
until they reached that “death-trap” in Trossingen. Their 
doom here was a quagmire of partly dried clay which stuct 
u> the feet of the FaurianSj inhibited their further progras 
and finally brought about the collapse of the weakest. The 
fine desiccated dust of the clay buried them and led to their 
conservation. This happened for many years on end. which 
explains why many skeletons lie vertically separated six feet 
or more aparc. Von Huene was certainly right, and he thereby 
provided an excellent example of the intiiltive imagination 
required of a palaeontological investigator if he is to achieve 
any measure of success. 

Among the bipeds, the Pseudosuchia appeared’—agile, 
generally small liwrd-like creatures ftom which, it may be 
assumed, the whole range of dirmsauirSi crocodiles and birds 
jtihscquently developed. OmithosvchiUf whose skulls and 
skeletons have been found in the Triassic in Scotland, had 
skull—and skeletal—structures so greatly resembling the 
primal birds that they were probably near to the actual 
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anc«Lon of the birds. It is possible that this partioil^r dicvii- 
titm oE the reptiles, as in the case oE the therapsida ancestors 
o£ the mzinirialsj. began in the Permian Period. But ictusl 
pnooE of this is, still lacking. 

Among the quadrupeds the Rhyiiciocepha.lia, a Teptilian 
order from the Permian, were very widespread. In appearance 


2x. i*iateoiaurui {acoordiitg to Abel) 


they resembled a ctoss bewveen lizard and crocodile. This 
order of reptiles has left no fossil traces after the Triassit and 
yet we have here a story which parallels that of the coelacarrthn 
About jSjo there was diBCOvered, in rodt-caves near Certain 
beaches in New Zealand, a reptile about i feet long which, 
for a coitsideiable time, proved difficult to fit into the system¬ 
atic: scheme (it is called the ttiatara or SpfttfHodon). T'f^y it 
is hntKvn that this is a very primitive aniinal with a third 
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pincAl eye on the top oI its skull, and is in fact the only 
surviving memlKT- of the Permian and Triassic KJiyncho- 
ccplialia, the rest of which died out some iSo milUon years 
ago. Ita U£c-span in an undisturbed habitat is astonishing. So 
far as is kncnvn diis survivor from primeval times on live ns be 
at least one hundred years old. 

Very like small crocodiles were the Aetosaurs, of which 
some 24, specimens were recovered from a Keuper deposit 
near Stuttgart. Some of these animals were 30 inches long, 
a.nd had died simultaneously but in such confusion that a 


.lij. The New Zealand tuatara, a contemporary dticendant 
of ihc R,hynchocephalia 


common disaster must have occurred, perhaps an earth-slide 
which buried them all together. They were armoured like 
crocodiles, but had triangular skulls with large eyes and 
lateral nostrils^ which definitely suggested birddoatures. They 
Certainly resemble the common ancestoita of the dinosaurs 
and the crocodiles, but are not now regarded as lying in the 
direct line of descent. The same can be said of a 

creature only outwardly, and not in an evolntionary wa.y, 
akin to the crocodiles. 

Another chaTactcristic animal of the Triassic, of very eKtra' 
ordinary form, is Tanyslropheta. Its general appeaTan.ee wras 
that of a snakcr up to 16 feet in overall length with lizarddike 
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legs. For auch an aniiDal the head was tiny, only about i foot 
long. In contrast the nect ind tail wert cnonnoujly long 
—the neck as a result of the unusual length of the backbone. 
It is possible that TanystTopheui was a water reptile, catch¬ 
ing its prey by snake-like dartings of its neck. More probablyj 
hoivevcT, this predatory lizard simply caught fish from the 
bank by plunging its head into the water. 

Genuine water reptiles were now in existeiijce. The fact 
that reptiles originally destined for life on land returned 
wholly to the water need not be regarded ax a retrogression. 
The versatile and ftourlshing vetiebrates simply conquered 
the water as another element to live in. At first there were 
two groups belonging to the Triassic only and disappearing 
at its end, represented by Wolftoiauntj and Piacodw. Both 
belong to the order Sauropterygia. IVoiAosiauriiJ is known in 
Europe as well as in Noith America {WyomSngJ, It must have 
been a huge beast, whose crocDdile-liko head al'One, poised at 
the end of a long neck, measured 3 feet. Its tail wascorrespond^ 
ingly short and cannot have contributed in even the slightest 
degree to its serpentine foni'ard movement. In fact, this 
motioiv was produced by Four feet equipped with webbing. 
It is clear that the nothosaur bad its huntlng-^grounds along 
the river banks. 

PlacoduSf on the contrary, was a reptile that dwelt on the 
bed of the sea. Judging trom its teeth, it must have lived on 
hard-shelled crieaturc.s, especially mussels, which it tore from 
their anchorage and crunched np. It possessed a strong belly 
armour composed of ribs which, at the sides, turned up at 
right angles, giving it a strange unfamiliar appearance for 
the animal world. It seems to have survived somewhat longer 
than iVo/AojHUfTxj^ but after the Triassic it soon vanished. 

True oceanic reptiles now appeared in the form of the 
well-known and audaciously shaped plesiosaurs. For the last 
hundred years their fossils have been familiar from well- 
preserved discoveries and they liave been Tcoonstmeted with 
almost complete accuracy. Apart from variations in tbeir size, 
chiefly as regards the length of their necks, their numerous 
Species and families were all uniformly constructed. The 
body was circular like a tortoise, the tail short, the reptilian 
legs transformed into powerful paddles, and the neck gener- 
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ally l6ii£ aiid snakMike. (There are specimens from ihe Cre¬ 
taceous Period with necks as long as si feet.) This whole 
strucLLire was croxvned with a tiny headj the snout being very 
liberally equipped with pointed backward-sloping, reptilian 
teeth. AU in all, it was a fierce, aggressive primeval creature 
vi^hich was able to survive for J yo million years. 

The best known of all prehistoric lizards are undoubtedly 
the ichthyosaurs {fish-lizardfi). Their fossils have been known 
for somewhat longer than those of the plesiosaurs. But that 
was not what made them so celebrated: their fame is due to 
the altnosl incKhausiible numbers of their Rkcictons that were 



.1:4. ranyslivfijhtiiJ from the Muschelkalk (according to Peyer) 

found in the lias schist of the Jurassic. They were discovered, 
and brought to the light in which they had previously basked 
in all conceivable states and conditions of preservation, from 
small fragments to complete bodies^ BomctimcB even skeletons 
clothed in skin, so that today there is scarcely a museum in 
the world, or even a private collection, that is not richly 
endowed with their remains. The brisk trade in fossilised 
ichthyosaurs provided ample pockct’money for quarry-workers 
who gradually became on the look-out for su^ ''bcaBtics”, 
The ^moiis geologian Oskar Fraas asserted with humour 
and truth that no horse-ooper had ever haggled so keenly and 
persuasively m the purveyor^ of saUrians. 

The ichthyosauri varietl enormously in appearance, their 
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bodies ranging from torpedo^ to iptndle^shaped. In general, 
they teaemblcfi the dolphins, although of eouirse they were 
not even temotely related to these mammals; it was just that 
in the ichEhyosaun Nature tried out a sleek swimming shape, 
whieh has succcssEtilly survived in other animals. And like 
the dolphins they had scarcely any neck at alL Their pointed 
snout was equipped with as many as joo tcet:h- From the 
evidence of later toothLeu forms it seems that the diet of these 
animals at some tiiuc had changed Erom hsh lo sqnids. Their 
eyes were surrounded by adjustable rings of bone which 
functioned like the aperture oE a [tamera and probably served 
as a form of protection against the pressure of tlie water. The 
rilis, resembling fish-bone, were extremely supple and enabled 
these lung-breathers to dive under water with coosidcrablc 
reserves of ain The limbs were transformed into powerEul 
fins. The end of the lirard-calL was now curved dowmvards 
and supported the powerEuI bifurcated tail-Ein$. The skin 
was no longer iu the form of reptilian scales and had become 
completely smooch. All this adds up to the ptctui'e of an 
animat completely adapted to life in the sea. The ichthyo' 
saurs were viviparous^^-^an improvement that Nature had 
already discovered in the Permian—and no longer went on 
land to give birth. In this context, one sensatiO'naE fossil dis¬ 
covery has been found: a mother animal that not only had 
within her tvcll-dcvdoped embryos, but vras overwhelmed by 
dcatb in the very act of giving birth. The unneces^ty objec¬ 
tion that has been raised—that these sO'Called embryos were 
in Eact young animals that had been eaten and wiere still In 
the stomach—is completely untenable since no bite-wounds 
are visible and the site of the fully developed emt>ryo$ is 
roughly the same in every case. The length oE an ichthyosaur's 
body varied considerably. Whereas those found in the Jura 
Mountains averaged from 4 to 6 f«l, a jd-Ecct-loug example 
has been discovered in the Triassiq in Spitibcrgccl. Oilier areas 
of the world, too, have yielded up similarly huge fossils—as 
well as the smaller varieties. From this it is clear that the 
ichtliyosaurs were cosmopolitan. They died out only towards 
the end of the Cretaceous Period- Since their later forms 
developed uncommon ty large cyts and an extension o^f the 
neural spine, they may, with luck, reappear one day Like the 
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coelacanth); for both these characteristvcs suggest that they 
became deep-sea dwellers and in their hunt for fcMnJ 
(ccpbalopods) trequentedr more and more, the inaccessible 
depths aE the I^ans which the squids usually inhabit. But 
that IS putt speculatian, and there is no actual ptiwE For it. 
(A contemporary footnote: it has been suggested that the 
Loch Ness " Monster''—if it exists at all—is actually an 
ichthyosauri) 

From the days oF the Permian wc are already familiar with 
the huge and very Varied species of the Xhcrapsida among 
which the theriodouts first displayed mammalian character^ 
istics. liotv Ear along this road did Nature progire$s dtiring 
the 45 million years of the Triassic Period?' Certainly not as 
Far as was believed until quite recently, in the Keuper layer 
in South Africa were discovered Frauents oF skulls^ and 
above all teeth, bclouging to small animals which were 
assigned to the geuus TTityiodorit and wltich^ on the evidence 
of their luamnnal-type molar teeth, would have to be reckoned 
as the oldest genuine mammals; and so, at first, they were 
regarded. But when the correspK>nding lower jaws were dis¬ 
covered and proved to be entirely reptilian, this classificatioii 
seemed by no means so ccriainr Palaeontologists have there¬ 
fore Created the name " letldosauria ” to contain this hitherto 
unknown group of animals. Howeveij it is quite certain that 
it was from their Eamily, and their family only, that the 
genuine mammals developed. The earliest indisputable repre¬ 
sentatives of the luammaEs—and this muse be stressed—can 
only be dated back to the Cretaceous Period. That is not to 
say that they did not enist earlier. It is jtist that there are 
vast hiatuses in our geological knowledge which have not yet 
been hllcd in. 

Obviously, the way from reptile to mammal must have led 
through a multiplicity of stages still completely unknown to 
us; and this, oE course, was also true of the development oF 
other animal species and classes, fn the case of the mammals^ 
it was not only the fact oF their being viviparous tltat dis¬ 
tinguished them from other animals, for this stage of develop¬ 
ment was achieved by many reptiles as well (e.g. IchlhyO' 
MWTTUj)- Two other factors are more important: firsts the 
suckling from the mother's milk-glaods of helpless young 
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crMlunes incapable ot Eecdinj themselves: and second, the 
acquisition of a definite, constant blood’temperature which 
could be maintained despite uufavcniTablc climatic condi' 
tions. All reptiles are cald-bloodcdj or, ratber^ fluetuatinjly 
warin-bloodedE the temperature of thetr blood being to a 
very laige extent determined by the external temperature 
which, regulates their activity and vitality, ?^ow the iccido' 
surs were Tittle animals which partly fell victims to the huge 
predatois among the lizards. And what does a small, helpless, 
persecuted creature do—and has always done? It creeps away 
and hides itself, out of fright and out o£ the instinct of self- 
preservation, During the daytime it dares not emcilgCr Only 
under the cover of nighe, when its eitemies are sleeping, does 
it creep out in nocturnal settrch of food. Now night, always 
and everywhere, is colder than, day, The difference in temper)’ 
ture is particularly acute in steppe and devert areas. Cold 
maltcs the reptiles, with their fluctuating body heat, letliargic; 
it paralyses them, Perhaps these small animals owed their 
survival to their having developed a constant blood-tempcra- 
ttirc and ultimately, as well, a protective hairy cavering in 
place of the reptilian scales. That was the most important 
step in higher evolution, a step which was also achieved—over 
roughly the same period, ending in the Cretaceon^^by the 
bir(^. Simultaneously (but only much later did it become of 
paramount importance), a new and so far almost entirely 
negligible weapon began to develop: the biain. The gigantic 
saurians, witb their teeth, spines, armour-plating and phy’sical 
strength, had scarcely any need of a brain. Even in the largest 
of them, their brain-pans were absurdly small. But in the case 
of the defenceless priiua] mammals the stuTl and brain-pan 
began to enlarge aifd proved to be the conclusive, dominating 
^ctor in their existence. 

Thus, in the Triassic (asid almost certainly even further 
bade) arc to be found the origins of all the higher vertebrates 
’wbich, in due course, completed the picture of tbc living 
world as we knO'W It ttwlay. 


F' 
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The Jurassic and Cretaceous Periods 


Hitherto the inatn deposits and the times in the Earth's 
history during which the^ were formed have been individu¬ 
ally treated accondinE to the geoioBical scheme which, natur- 
ally, is not purely arbitrary but is arrartged Strictly according 
to scientdic data. But this history Is an incessant flow into 
which we have inserted often ariificiat boundaries. These 
"boundaries'^ must in realit)^ have extended over immense 
periods of time; we would have to fall back on the '' catastro¬ 
phic " theory of Cuvier, if we ntally wished to believe that 
One epoch was divided from another by a ha iris-brCadth. So it 
is almost a matter of opinion whether those periods following 
the Triassic—the Jurassic and the Cretaceous—should be 
regarded as one and the same or separate, according to what 
fits in best with the systematic scheme. Naturally, from the 
sdcntiflc viewpoint there are reasons enough for distinguish¬ 
ing the Jurassic from the Cretaceous. The Jurassic forma¬ 
tions are older, and the Cretaceous younger, their fossil beds 
sefwrate. That is incontnoverlible. But the biological scene, 
the great world of reptiles, is common to the two, so that it 
is no scientific ^Crilege to survey both as one. 

The Jurassic and Cretaceous together covered a time-span 
of altogether i lo million yearsf of these 4^ million hclouged 
to the Jurassic Period, and the remaining 65 million to the 
Cretaceous. 

The Jurassic Period was named by Alejtander von Hum¬ 
boldt (tydp-iSjp} after the Jura mountains. The sedimentary 
rocks formed during this period arc probably more varied 
than in any other geologic^ period, and the rapid alterna¬ 
tions of clays, limestones and sandstones often have marked 
effects on the scenery. The lowermost beds in Britain are 
the black shales of the Lias, while massive oolitic limestones 
are characteristic of the Upper Juniisic. The oolitic structure 
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of these roeks^ where the calcLmn c^rhonate ia formed into 
minute sphered (as in the Portlind Stone used for facing 
huildingj in Loiufon), most likely resulted (Mm chemicat 
precipitation in evipotating shallow seas. A similar indication 
of the existence of such shallow seas is provided by the numer¬ 
ous fossil coral reefs, as well as by the sandy sediments which 
Were certainly not deep-sea deposits- It is, however, impossible 
to generalise abotit conditions during the Jurassic, since they 
varied so femarkably at different times and in different areas. 

The name Cretaceous is certain to mislead anyone into 
thinking that chalh-buiiding rvas the predominant geological 
feature of those 65 million years. But once again must be 
repeated what has already been said before; names ate names 
and nothing more. For the fact is that the animal chnallt 
deposits of that time are no more than a mere episode in the 
Upper Cretaceous Period. The noirienclature originates hrom 
England, whose tall chalk cliffs were laid down during this 
period. The main geological division is into Lower and Upper 
Cretaceous, vvitb further sub-divisions which here need only 
be mentioned in certain instances. 

The last great transgression—Hooding of extensive Sand 
areas by the seas—had occurred in the already far^ff Silurian 
Period. After that came the waves of Catedoniaii and Variscan 
niouEitain foldings which welded together gipntic land- 
masses and drove back tbe occan. Land building probably 
reached its high-point during tlie New Red Saii^umc Age 
of the Lower Triassic Period. Now once again the time had 
come for the unleashing of that mighty cyclic phenomenon 
which runs through the wliolc of Earth's history. The gjMSyn- 
clines^ the deep marine hollows, were filled up with sedi¬ 
mentary rocks. The sea-level roae correspondingly. The 
greatest transgression since the Silurian Period, reaching its 
climax in the Ccnonianian—the first sub'division of the 
Upper Cretaceous—overwhelmed the land-blocKs. Central 
and Southern Europe became an archipelago. The heavily 
weighted geosyndines finally i^nk. TEie Earth's crust started 
to move. Even the Gundwanaland continent, which had 
remained firm almost Etom the beginning of time, finally 
broke into pieces and the Indian Ocean was formed. Australia, 
was^ isolated and has rcmainctl so to this day. The whole of 
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the region of the UrU u«s submerged. The priin^tl continent 
of Northern Europe escaped inunda^on, but joined up yet 
again with both Laurentia and Angai-a-Siberia. Where today 
the Alps, the Cmcasua and the Hitnalayas tower towards the 
shy. the Tclhys Ocean atreKlied. Intensified Irruptioifis and 
VLilcanism were oontinwally changing the face of the land. 
The basaltic eKirusive plateau of Western India arose during 
die Cretaceous, Natm-ally, a fresh wave of mountain-building 
was taking place. It had already started in America during 
the Jurassic and was to continue in numerous separate phases 
for more than loo million years, lasting into the following 
Tertiary Teriod. Its climas. was, indeed^ tn the Tertiary, so 
that when we reach that point we shall then revert again to 
this “ Alpine " folding. 

The climate during the Jurassic must on the whole have 
been almost uniformly sub-tropical. But the onset of the 
Cenomanian inundatioi^s apparently caused it to become more 
reglonalised and differentiated. Perhaps, also, tire isostatie 
movements of the Earth's crust may have brought about an 
increased tilt of the axis, thus making the dimatic zones mote 
noticeable. The retreat of the corals southwards and the 
evidence of the annual rings in trees in northern regions 
support this assumption. The Arctic, certainly, was ice-free. 

The vegetable world of the Jurassic presents us, rather 
unexpectedly, with some problems. Until recently it seemed 
that the Hora—naturally enough—derived from that of the 
Tiiassic, giving fresh impetus to new species and orders of 
iia gymnosperms, and spreading further and further over the 
sur^oe of the land. Tree-ferns, horsc-taUs. lycopods, cycads 
were still in evidence and occupied the moist regions; whereas 
the gymnoapertns, sttch a; conifers and gingkos, conquered 
the drier areas. They did all this on a vast scale, fw the 
JoraasLC Period produced the most even distribution of vegetS' 
tion in the whole of Earth's history. It would he no exaggera¬ 
tion to speak of the world-domination of the gymnosperms. 
That nesv forms appeared—such as junipers, cypresses and 
yews—was part of their natural process of evolution. But 
rccendy a question that has been more and more frequently 
asked is r where arc the angiosperms, the highest group of 
fiowering plants? The Jurassic lasted 45 million years. The 
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oldest traces ot the existence of Anglospenns so far disco^'ered 
are in the Lower Cretacecus of T«as and New Zealand. And 
only at the end of the Upper Cretaceous do we know that 
there appeared in Europe, with quite amazing spontaneityj 
trees with leai^es {oak, poplar, beech, palm, bitch, willow, 
ivy, maple, etc.). The first flowers—magnolias, water-lilies— 
date from this period also. Their place of origin seems to 
have been in America, The favourable circumstances that 
enabled them to proliferate into so many types, and to spread 
so rapidly, are tinknown. But there is possibly some mistake 
here, and their apparently " spontaneousappearance may 
On the centTary have actually been spread over a very long 
period of development, as was formerly always considered to 
be the case. Indeed, the voices of experts are being raised 
increasingly in fevour of a greater age for the angiosperms- 
Studies of pollen, for instance, seem to indicate that angi^ 
sperms must have existed at least as far back as the Jurassic 
and possibly at an even earlier point in time. Very curious 
and {wssibly of great importance is the impie^ion of a leaf 
found in the Lias at Bamberg (Ckrmany) in 1955. Expert 
investigation confirmed that this little, 1 ^-inch-long leaf 
undoubtedly came from a dicotyledonj and from all that we 
know it is improbable that tve have here the very first speci¬ 
men of an angiasperm, A long line of evolution must cer¬ 
tainly extend &r back, well into the Tdassie or even into the 
Permian. But we still do not know for sure. Further discoveries 
alone can be decisive, and these, as a result of unfavouTable 
circumstances in the older strata, have not yet been made. 
With ibii we conclude onr description of the flora of the 
Cretaceous, which, towards the end of the Mesozoic, already 
bore thoroughly modem features. It Can be taken as quite 
certain that the ascendance of the angiospertns was of enorm' 
ous importance to the further development of birds, mam¬ 
mals arid insects. 

Life in the oceans durir^ the JurassioCrctaceotis Periods 
was of an almost inconceivable richness and variety. The 
Hexaooralla were now buElding their reefs extensively in 
the warm-water regions of the Tethys. The seas in higher 
latitudes must gradually have grown cooler. Sponges were 
abundant and left behind high submarine rocks. The sea- 
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urchins proliferated; they also transformed their shells from 
fi,ve-poinied ilmctures to ones showing^ bilateral symmetry. 
The brachiopods, on the other hand, continued to dwindle. 
In their place the lamelLibranchs developed in a great variety 
of new types. Pariicularly strikinig were the oysterdike 
Rudistes of the Cretaceous, These sedentary forms grew to 
an enormous size (up to 6 feet) and lived with thdr lower 
valves ceinertied on to rocks and other shells in the reef- These 
lower valves were roughly in the shape of a chalice or tulip 
on to which the upper shell could close like a lid, and were 
immensely thickened wdth layers of calcium carbonate. 

The gastropods also abounded in a great number of 
varieties; and the world of smaller creatures, too, once more 
increased and flourished intensively during the Cretaceous. 
This IS very evident in the unicellular Foraminifera. The 
welbhnown genus GlO'bigerina first appeared in the Cre¬ 
taceous, and is still abundant in our present-day oceans, where 
its accumulated deposits (the dobigerina-ooM) covers about 
one r^uarter of the total surface area of the earth. 

The ammonites and helemnitcs proliferated extravagantly 
in a multiplicity of forms, reached a brilliant climax—and 
then vanished I These highly organised and dangerous pre¬ 
dators must have tried out every possible practicahlc varii- 
tion of shell-housing. An imaginative artist of the present day 
would be hard put to it to devise such involved and decorative 
shells as these molluscs produced- In addition to the normal 
" snail-shell", there were others with open whorls, spindle- 
shaped tivistSr ttecks like sea-horses, giant forms (over 6 feet)^ 
IS well 35 a hundred intermediate size^ ridged, smooth, spiked, 
pitted, an endless wealth of every imaginable variety. It is 
difficult to say what the biological value could have been of 
so many of these rcmarltable ornamentations. The strange fact 
remains that the whole group of ammonites reached an 
astounding climax in numbers of individuals and in com¬ 
plexity of form, and then suddenly died out for no obvious 
reason, fn arriving at any conclusion as to what may have been 
the causes of the extinction of such a group many factors have 
always to be taken, into account. Among these, of course, arc 
the decrease in evolutionary vigour of that group (which 
seems to have played an important part in. the disappearance 



Diffeircjit fornis of ammonLLe ilidU 

that they reduced thii particular branch ol the ccphalopwi 
population to a poiut where it ivas unable to survive. 

But the highly oiiganiscd ccphalopods as a whole did not 
suffer externiinatLon; Endoed, they have continued to exist 
right up to the prcBcnt day. Even in the Jurassic there cxisteil 
real naked” squids which liad transfenred their bony 
structure inwards. In their cascn too, one of the next evolu¬ 
tionary stages to be aimed at was an immense increase in size. 
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o£ the animonites]^ superior enemies^ difficulties in obtaining 
food, restriction of environunent leading to forcible spcdaliaa- 
tion, and threats to the survival of progeny. Among poaihJe 
enemies it is conceivable that the ichthyosaurt, whi^ were 
now coming powerfully into theit own, played such havoc 
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In tvery cemtuiy there have been frequent reports from 
sailors and fishermen of terrifying encounters and deadly 
Struggles with ’'kritco”. Even though many of these may be 
no more than seamen's yamsj the existence in the ocean of 
giant squids with tentacles 40 to 50 feet long has been well 
established. Creatures such as this, or even larger, developed 
during the Cretaceous; at that time there were at least B^otw 
Species, and today about 500 are known- 



s6. Old French drawing of an encounter {imaginary) 
between a giant squid and a ship 

Among the fish, during the Cretaceous, the last step was 
taken in developing the bony skeleton which predominates 
today. The ganoids diminish^ rapidly and di^ out except 
for a few forms that still survive. 

The Vast insect kingdom was now almost completed- Beetles 
and dragon-ftlejj Hymenoptera and flieSj all were in evidence 
during the Jurassic, The fine-graJned limestones of fiolnhofen 
have preserved the most delicate insects' wings in a state of 
almost living beauty. Most siguificantr also> is the first appear^ 
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artcc of butterflies in the Jurasslci for butterflin are creatunn 
which need fiowets for their existence. If out lilted ore can 
deduce from this an indirect proof for the Jurassic existence 
of angiosperms. But it is tenable that conifers aSonjt would 
have been quite sufficient to supply all the needs of butterflies 
at that time- However^ it can be taken as quite certain that 
the preat development of such inRccti during the Tertiary 
coincided with the abundant angiojperm flora of the period. 
As a general rule, it seems that the es'olution of flowers and 
the evolution of their pollinating insects have gone hand-in- 
hand, Only the highly developed bees and ants were missihg 
during the MesoioiCr 
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The Empire of the Reptiles 


The reptile of the the iditJiyosaurs and plcoisaurs, 
have already been Tnentioned. Some of the richest and inmt 
perfect deposits oE ichthyosaurs were discovered at Holt- 
tnaden and various other places in the Jura Mountains. E-lert 
again a mass extermination evidently occurred in a com* 
paratively limited area, a happening that always requires an 
explanation. It is Itnown for certain that at that time the 
Tethys 5 ca had a long, curving arm that roughly followed 
a line across 2 outh Germany. This Jurassic Sea was a shallow 
stretch of water wlth^ undoubtedly, numerous lagoons cut 
oIF from the open sea by tx>ral reefs, and therefore only 
accessible over narrow, Jew "necks" such m are found today 
round the lagoons of South Sea atohs. The noors of these areas 
of virtually standing water were presumably covered by a 
clayey layer of rotting alimc irnpregnated with sulphuretted 
hydrogen, as i; evidenced by the oil-bearing Posidonian shales 
from Hiolzntaden containing the characteristic fossil Pp^idonia. 
This—as in certain areas of the Black Sea today and in the 
grapiolite ocean of the Silurian Period—would have been a 
tone absolutely inimical to life. The ichthyosaurs, greedily 
pursuing their prey or in search of fresh hunting grounds, 
possibly swam into the traps found themselves in this poison^ 
OU5 region and died. They then sank down into the slimy clay 
which offered the very best cbanccs far their enduring pre¬ 
servation as fossils. That, at any rate, is how it nuay have 
happened. But wliatever the cause, the result was that the 
''death-trap of Hohmaden"' became, 130 million, years later, 
a happy hunting ground for palaeontologists. 

On the subject of the pleiosauts, it only remains to add that 
in flortnoraurus they produced a reptile 45 feet long (Upper 
Cretaceous in Kansas}, feet alone being taken up by the 
snake-like neck which—a record in the animal world—was 

iCo 
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composed oE 76 vcrtelrae. This must have made ifi hr^d 
immensely mobile and much ^clllcated attacks on prey by 
meaui of rapid striking Irom the netk. With the disappear' 
ance oE Plawsaurus 3X the end of the Cietaceous, the Saurop- 
tcrygia Came Et> an end, as also did the LchthyOHLUTS. Thu 
dramatic epitapli—"died out ac the end of the Cretaceous'' 
—can be applied to almost all jfonns of reptiles so far men' 
tioned; for not one of tho&c almost logendary monsters sur¬ 
vived to see the daivn of the mammals in the Tertiary Period. 

Another fiercer predator from the late CrotaccouB, and one 
more fitted for survival, was the mosasaijr, which looked like 
a cross between a lizard and a giant snake. The first example. 
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discovered in the Cretaceous strata in Maastricht in the 
Netherlands, wii one of the oldest fossil finds to attract wide¬ 
spread attention. It also aroused a great deal of scholastic 
argument which was not without unintentional hutnotir. 

In the year i^So the garrison physiciari of Maastricht, Dr. 
Hoffman, extracted with considerable difficulty from a quarry 
in the Petersbetg a lizard's head more than 3 feet long and 
equipped with teeth. Now this quarry was the property of a 
certain Canon Godin, who enticred upon what was probably 
the first law suit In the history of the world concerning a 
fossil. And he won possession of the treasure. Up to 17P5 he 
was ablt to enjoy his unique possession. Then the troops of 
the French "army of liberation" under Fteicine approached 
and began bombarding the fortress of Maastricht. Evidently 
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Godin W3J more ci£>iii;crned for h\i fossil than for his life, a» 
his greatest anxiety ivas to Rnd a secure hiding place for his 
blo^ of limestone containing the monster. However, Frcicine 
had already been sent instructions from Paris to saEegtmrd 
the worthy cation's bouse in order that no harm should befell 
the antediluvian inhabitant whose fame had already spread 
far and widcr Cuvier was bent upon having it. Fretcine 
adhered strictly to his instructions, and no harm befell Godin 
or his house. But the fossil by this time had disappeared, the 
Canon naturally not having the slightest idea where it could 
have gone, Freicine must have been a man of parts, because 


iS. Komodo dragon (Varanidae) 

instead of intimidating Godin with fearful threats, he simply 
offered a reward of bottles of wine to whoever of his 
soldiers should discover the treasure. The bribe worked j and 
the very morning after the surrender ol Maastricht twelve 
soldiers bore the limestone slab in triumph Into their campr 
It subsequently reached Paris and Cuvier, who at once, with 
his customary brilliance, recognised an extinct reptile which 
must have b«n related to the Vaianidac, a femily of lizards 
(Monitors) which includes the Komodo dragon, VaTontlS 
kOTTiodOtniiS- 

This relationship has never been disputed. The tnosasaur 
and present’day Varanidae must both have descended from a 
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conimon antCitor. Thty were deviations from the ordinary 
ILzard&j who took to the sea and have survived up to the 
present day. The Varatiidae of Asia and South Africa have 
long been known, but it vvaa only in 191 a that the giant 
Komodo dragoiif measuring up CO g (ccL in length, WSS dij- 
covered on the island of Sunda. Ajt encounter with one at these 
beasts in the depths of the jungle must indeed have been a 
really primeval cKpcticncc, Man and reptile separated by a 
time-span of marc than SoiOOO.ooa years I 

After the historic discovery at Maastricht, nnmetous 
identical or similar discoveries were made in Cretaceous 
deposits of many countries^ in Mew Zealand, in widely varied 
places In Africa, the East Indies, and, above all, in North 
America, which proved as fruitful for reptiles of the Cre¬ 
taceous Period as did the Jnra Mountains for theit epony¬ 
mous fossil-s- In the Belgian Hennegau area, a complete 
skeleton was discovered measuring over 40 feet in length, 
and an American palaeontologist reconstructed from Cre;- 
taeeous fragments discovericd in Kansas a monster feet 
long. 

To judge from their teeth, they tvere terrifying predator* 
tvho, iKcausc of a special articulation in their jaws, were able 
to sivallow, even sideways, large animals whole, just as our 
present-day snakes are able to da, though for different 
anatomical reasons. Their progress through water was 
achieved by sinuous movement, aided by small, still very 
Itzard-likc paddle-feet. In contrast to the ichtbyowurs they 
Tvere not smooth-skinned but covered with scales; yet, like 
the ichthyosaurs, their young were born alive in the sea. 
Some types, too, resembling the late ichthyosaurs, had domed 
instead of pointed crowns to their teeth, which plainly indi¬ 
cated concentration on a diet of hard-shclied creatuns, A 
striking thing about the remains of these animals is the 
number of bitei-wounds on the skeletons, which appear in 
the form of more or less healed fractures in all parts of the 
body. Since the mnsasaurs appear to have lived socially in 
colonies there must have occurred fanatical battles between 
irreconcilable enemies, although there is the possibility-^ 
very real one—of mating fights- But with these creatures^ too, 
there was tbc routine climax i eKtinction at the end of the 
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CrctatMus. (FreMnl-day fiction, it may be noted, claims 
AJojfljauritJ as the clasiieil ancestor of the good o 5 d sea- 
jerpenil) 

Among the reptiles which iretumed to the sea during the 
Jurassic and Cretaceous were the turtles, which we have 
already encountered as fuHy developed, mainly tioothed land 
animals in the Triassic. The difference between life in the 
sea and on land led to coniiderabie chiinges «n their upper 
and lower shells. And these creatures, too> followed the trend 
towards gigantisrn- In the fossil-rich Upper Cretaceous beds 

in Kansas an example oE 

J the genus Archeion was 

found—minus a hind leg 
that had perhaps been 
bitten off-—measuring lo 
feet in length. The tlirce- 
feet long head of another 
specime n must have 
belonged to a monster at 
least feet from head to 
tail. Here, for once, we 
need not use the epithet 
“extinct” because, 
although the number of 
Varieties of turtles has 
Vastly decreased since the 
Cretaceous (only three 
marine types survive), 
these reptiles have shown 
marvellous powers of 
survival. To the c[uestion^ 
” Why the turtles in par¬ 
ticular? ” there is no 
answer, for they must 
have had innumerable 
hungry, powerful enemies 
in the Cretaceous seas. 
Moreover, tbey were not 
particularly well adapted 
to defend themselvcsi 


2g. Sheleton of a giant turtle, 
dnrAifoUjfifOLn Ihc Upper Creta¬ 
ceous in Kansas (Sc^ 11^40) 
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although several species were equipped with shirp teeth. But 
Nature had takeu other steps and armed them with three 
indirect weapons: the capacity to CJtist for a tong lime with' 
out feeding and without suFFering any ill effect? therefrom; 
enormous fertility; and the ability to live to xan yeai^ of 
age, And in their case the laying of eggs on land was an 
adi'a:ntage. Altogether, these characteristic? sufficed to get 
them round the critical bend I lA'heiher the greatest enemy 
of animal life—Man—will now cKtenninate them, time alone 
will tell. But what are a mere 1,000 years in the life of a 
group of animals that carry some jgo milEion years on their 
homy backs? One hopes that it wilt be some aeons yet before 
turtle soup has to be struck off the menu; in our more 
expensive restaurants. 

The ancestors of our present-day crocodiles are known from 
the Jurassic; there they are represented by such genera as 
ProtOiUchuJf 2. small and heavily-armoured reptile. All the 
early, true crocodiles were: marine. They progressed by meant 
of a powerful tail which—.like that of the Echthyosaur—bore a 
vertical fin supported hy the end vertebrae of the tail- The 
hind legs, too, which, in contrast to the eKiremely stunted 
forelegs, were powerfully developed, must aL?o have worked 
as paddles. But Ln this case the attempt of these creaturies to 
adapt themselves to the open sea obviously failed. They 
barely survived the Jumsilc-Cretaccous. Once again, one can 
only guess at the reason for their rapid disappearance. Per¬ 
haps these beasts were simply too unwieldy and succumbed 
to superior numbers of more agile aquatic enemies. The true, 
surviving crocodiles from the Cretaceous avoided repeating 
that dangerous eKperiment and remained land and fresh¬ 
water animals. A solitary exception seems to be the gigantic 
estuarine crocodile (Crocodilwr jCJorortts) of the East Asian 
and .Australian islands, which may often be encountered well 
out at sea. Here further observation is necessary to decide 
whether this is truly a second attempt by crocodiles to conquer 
the oocan. 

Ketuming again to laud, ivc find that the mo 5 t ectiaOrdln- 
ary creatures have hy uow established themselves. Whatever 
the terrain— desert or forest, swamps or steppes, uplands or 
brackish inlets—the denizens turn out to be monsters of 
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tcrT[^vi^ff aipect wham one would certainly never believe lo 
be all entirely h&nnleM. Th«e prehiitonc creatures were 
eiven the collective name o£ dinosaurs (which roughly means 
'' terror lizards During the century they have emeiiged 
from their rocky tombs ind unw, like ghostly monsters, occupy 
a space in most tiituia! history museums. Although it ls 
certain that only a very small Action of the then existing 
satirian world became fossilised and subsequently discovered, 
as a class they were so varied in their types and were indi- 
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vidualLy so numerous that it is possible, to a very large extent, 
to recojutruct exactly their appearance and way ol life. And 
here systematic biology comes into its own. Today a distinc¬ 
tion is made between two major groups: the Saurischia and 
the Omithisebia. To the former belong the carnivorous theTtM 
pods and the enormou* saumpods, whilst the latter includes 
a number of herbivorous creatures, none oE which^ hosvever, 
attained the size of the largest sauropods. 

Among the Omithisebia, or beaked dinosaurs, Iguanodon 
is certainly the best known. In Belgian miners at 
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Bernissart, driving a gallery through Lower CTetaMui 
Wcaldcii clay yoo feet below the sutfaoc, ame acnosa fossiliied 
reiTtainSn Fortunately, by this time bo many reports had been 
eoming ftom all over the world that the autltorities were 
itiielliscni enough lo halt imiitiedSately all further wort on the 
jeam and lo call in the geologists, who very laboriously 
suCMeded in bringing to the surface a veritable treasure of 
fossils which, in view of their fragile condition, were trans- 
ported to the Natural Science Museum in Brussels still 
embedded in slabs of their mineral surroundings. Here, it 
emerged, weine the coVleciive remains of ag iguanodons. Traces 
of these animals had been discovered in Kent about fifty years 
before by an EnglUhnian called Mantdb who had given them 
their name. However, Mantell's finds were limited to teeth 
and fragmentary bones, and it had never proved possible to 
run these mysterious priiricval monsters to earth. Now the 
time had come when several compete skeletons could ^ 
reconstructed. And they still stand before us today ^ gigantic, 
bow-legged monsters measuring 30 feet from btsd to tail. 
Their claws were prehensile, the thumbs ending in a strong, 
defensive prong. The palaeontologist Dollo eitabltshcd bom 
anatomical discoveries that the animars enormous tail must 
have been rigid and immobile and therefore useless as a Bup- 
port or in defence, Subaeqtiently, numerous iguanodon foot¬ 
prints were discovered, and they all oonfirmed Profess^ 
Dollo's opinion, for there was never a trace of a dragging tail. 
Probably the tail merely acted as a counterbalance to the 
massive body. The teeth of these animals [there were several 
types) showed that the iguanodons were undoubtedly herbi- 

vorouij- gTniz.inE' the of 

The Bemissart coal-mine proved to be a fossil grave¬ 
yard, for, in addition to the iguanodons, it yielded up fossil¬ 
ised remain-s of turtles, crocodiles, and over a,ooo fish, not to 

mention plants. , , , l j 

Closely resembling the iguanodons were the duck-billcd 
dinosaurs from the Upper Cretaceous of North America 
(Wyoming and Canada), Here, too, wonderful skeletal re^ms 
were discovered- Even c^act impressions of skin wore found 
in sandstone which iiad hardened subsequently. The trach^ 
dontidae and the related Edmontosaurus were aquauc 
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crmtureSv ai is shown by thtir webbrd extremities. Their 
skulls have heltnec-like pirotuberanfies, and the shape of their 
snouts resembles a duck'^ bill. Their body length was about 
feet, about the same as the iguanodonV A rel oE 
Bdv\onlOiAu.niS was an animal From the 

Upper CreEaceous in Alberta, which had on iu head strange 
hollow bones which curved back like horns. As these were 
directly connected svith the nose, the palaeontologist Abel 
deduct that this probably gave them a liighly developed 
sense of smell which, in the case of the males, helped cEiem 
to seek out their femAlcs at mating time. The main function 
of these protuberances, however, was probably to aid the 
animal in breathing when feeding in shallow water. 

The most striking members of the group of armoured 
dinosaurs were the stegosaurs and Ccracopsia. 

The richest finds of sCegosauTS come from the strata of the 
Upper Juiassic in Colorado and Wyoming. They were abso¬ 
lutely grotesque creatures, with armour-plating that would 
have been considered CKcessive on a knight of the \fiddle 
Ages. Tliese monstrous quadrupeds, up to 30 feet in length, 
carried on their backs a double row of vertical, homy, tri¬ 
angular-shaped plates which ran from a very tiny head, along 
the neck and back, to the middle of the tail. The end of the 
tail was equipped with pairs of huge spines. It can be assumed 
that the sides of the body, too, had similar spinal excres¬ 
cences. It is diEficuU to imagine what predators of that period 
could have successfully attacked such 3 heavily defended 
animal. Not much can be said about the mobility of thi; 
dinosaur. One can only assume that its muscular development 
kept pace with its weight and at least produced a steady, if 
not particularly rapid, gait. The stegosaurs must, cx hypQthtii, 
have been able to move over considerable areas in order to 
exist, for they were mainly desert dwellers whose chief form 
of nourishment was suoailent plants, l.e. cacti which, store 
water in their stems. But plants such as these do not grow 
thickly, being generally widely dispersed. The brain of the 
stegosaur was minute, and the spin^ marrow must have been 
at least ten times as large in volumej so there could have been 
no question of animal intelligence in these creatures. Reflefx 
reactions, brute force and protection through armour-plating 
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were sufficient to keep such animals ^ilive in the ii-orld o£ 
their day, 

Xhe other branch of the armoured dinosauEJ is represented 
by the Cciratopia. Up fill now they are known onty from the 
CrctaccDus in North America and Mongolia. At fint glance 
many of their reconscructions resemble out-sized rhinoccnisea 
with whom, of course, they have no e^oJuticnaty relationshtp. 
Rhinoceroses are mammals and the Ceraiopsia are reptiles, 
lizards. Their first known representative is Tfieeratopj (three¬ 
horned), a ponderous, heavily-armoured giant about J4 feet 
in length. Most striking in its appearance was a gigantic neck- 
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shield which cncErcIcd the head rather like an upright collar 
or njffr Two long, pointed horns projected abofve the eyes, 
and a third, short hom over the nose. The body itself seems 
not to have been armoured, merely clad in a thick skin. In the 
case of another animal of this type, the StyranosauTVSf the nose 
hom was more prominently formed, and from the ridge of 
the ncck-ahield protruded enormous spines. All the Ccm- 
topsia were herbivorous, graittng pnohahly in swampy regions 
which are approximated today in appearance and flora by 
the famous Everglades of Florida. An exception to this rule 
was the oldest of the Ceratopsia, ProioceTatopj, 

In iga^. an expedition from the American Museum of 
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HutDry in New Yotic made a sensational discovery in 
the Upper Cretaceous in Mongolia, lltey dug: up a clutch of 
13 eggs of these dinosaurs, in some o( which there viierc 
embryonic remains, Naturally, folTawing this the whole area 
was scoured, with the result that, quite near by, a complete 
herd of about 70 pnotoceiratopswai unearthed. They must have 
been overwhelmed by a sandstorm, of such violence as can 
only occur in those dc!^t region!;, and simply perished. From 
the well-preserved skeletons it proved possible to reconstruct 
animals that were certainly considerably smaller chan e.g. 
TrUtimtcp-if but i^fhich carried ncch-shields Ithc all other 
membeis of their family. 

The question of where geographically, and on ivhaE dicteti- 
Cally, these early land-dweller^ lived i$ naturally open to some 
argument. Tooth-Eormations geuerally offer a good due to the 
answers. Most helpful are comparisons with similar types of 
animals still living today. This is possible even in the case of 
the armoured lizards, for the pnesent-day animal world 
indudes the girdled lizard (Zonuridac] of Africa and Mada¬ 
gascar, the moloch of Australia, and the horned toad of North 
America, which O'rdinarily live in dry desert and steppe 
country. From these it is logical and pcm]i»ible tg draw con- 
dusions about the way oE life of their remote ancestor?. 

Other armoured lizards fiom the Cretaceous were ftafaeo- 
jo'ncWx protected by a hom-plated back and lateral spines, 
and its dose relative Snolosaitm^. Doth had a enrtoi?e-likc 
armour shell into which the tiny, equally tortoise-like head 
could probably be withdrawn for protection. The sliort, thick 
tail was a spine-studdcd iveapon. These creatures, too, must 
have been desert-dwcllcr? rather than aquatic animaU. 

The majority of the dinosaur? described above, from the 
iguanodon onwards, were bipedal, walking on their hind 
legs. Even in the Case of the quadruped giants of this group, 
such as ^fegojuTiruj and Trictratffpi, Abel assumes that in 
their earliest foma they ran on two feet and it was only the 
weight of their increasing head- and neck-armour that forced 
them down to a four-footed mode of progression. " Assump¬ 
tions" such as these arc not alivays pure guesses, but are 
usually based on precise anatomical investigations and com¬ 
parisons, the results of which lead to certain conclusions. This 
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itmsi bt emphasised in order [o dupel any idea diSE palatont- 
oJogisu may suffer tmin an excess of imagination, thou^ 
there is no doubt that inia^natioii can be a valuable aid 
in research, 

The other great group of dinosaurs, die Saurischia, pro¬ 
duced in the Sauropoda the mightiest land animals that luve 
ever existed- Although Lheir fossil remains have been known 
in dlHcient places (or a considerable time, the great spate 
uf discoveries only began in the very year when the 

iguanodons emerged from the mines oE B^issartr One 
mansCci: after another was discovered and presented in recon¬ 
struction to an astonished world- Qui^ly Tiianojdu ruj, 



ifi. jcoiosnnrnj from (he Upper Cre(aceoLti in Canada (up 
CO IS (cet in lengih) 


,01'oiiEcuaunu, Diplodoctu^ Brachiosaurtu^ appeared as 
examples o£ fantastic creatures (rnm another world- Today it 
is known chat they in fact flourished all over the Earth. 
Numerous finds in Europe, East Africa, Chiria, Australia. 
East India and South America all rtvcal fundamentally simi¬ 
lar fonnSr Huge, round bodies were supported by stout ele¬ 
phantine legs. The long necks cavricd a tiny hotsc-IEke hcad- 
The tails wete long and powerful- The variations between 
species were not on the whole very great. The neck of Diph- 
docui tvas somewhat longer and slimmer than that of Bronio- 
jaurws. With some oE them, the hind logs bore the main weight 
of their gigantic bodies, but in tlie case of 3 r 42 chtaiaufas 
it was probably the front legs. The body length varied some¬ 
what, but was gcncrallly between the limits of yo^ro feci. The 
weight of DipiodociiJ must have been about 40 tons. 


193 AND THEN CAME MAN 

It is. difficult to <x>nceive oE these clumsy, colcxssal mountains 
gf flesh as bciug mobile laud auimals, moving about with the 
agility gf elephants. Vet this wa.s the flist view held gf them. 
The name SronfgjidiiniJ^ for example, means "thunder 
lizarda semi-poetic descrlpticn based on the myths of the 
Sioux Indians in whose hunting grounds the fossils were 
found. Today, hgwevcij it is belic^'cd that these creatures 
were aquatic, living In lakes and rivers, the water enabling 
them to move with slightly less difficulty. This does not 
exclude the possibility oE their taking to the land at intervals, 
particularly for the purpose of laying e££^. To judge from 
their teeth, they were not predatory. Certainly they were 
extremely unintelligent {their brains were absurdly small), 
and they ate practically everything they found in front of 
their snouts, chiefly plants. All in all, they present a picture 
of a stolid, lumbering group of animats, of incredible stupid¬ 
ity, which, in their utterly vegetative existence, were already 
marked out as one □£ Matured failures. £ut they survived 
on Earth for loo milKon years! 

Up to [his point the world oE the dinosaurs appears to have 
been a comparatively peaceful one. Alihoogb, obviously, 
there must have been fights bcCiveen the saurians during 
mating periods and in disputes gver fond, these herbivores 
were never predators living on the flesh of other animaU. 
Now, however, this new development came about with the 
appearance of tlic theropods. At the head of this monstrous 
clan stands Tyranfios&urust a biped like tbc igiranodon, 40 
feet long from the tip oE its snout to tlie end of its tail, and 
with a terrifying array of teeth. A head of this monster, 
Tynntios&aTiti rex, discovered in the Upper Cretaceous of 
Mgniana, measured 4 feet in length. Various tracks undoubt¬ 
edly left hy these beasts have been found in coal seams in 
Utah and Colorado, and show astride of abc^ut 11 feet. Tlteir 
forelegs had dwindled away to almost nothing, being tiny, 
superfluous appendages, of no practical use. 

Much has been discovered aliout these creatures, who were 
undoubtedly the greatest laud predators in all of Earth's 
history. Earlier reports and descriptions always portrayed 
tynmnosaurs furiously attacking and devouring tbcir ponder^ 
tms prey such as a brontosaur or a diplodocus. This may. 
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indeedj have been a truthful pictitre, since the predators, like 
their vLctims, lived in swampy regions which offered them 
the best bunting. The palaeontologist Abel, however, pro¬ 
pounded a contrary view: that the tyiannosaiirs and similar 
predatory dinosaurs were carnon-feeders. That, too, of course, 
is possible. Hut it would be strange if, out of the whole world 
of moinsters, the dinosaurs alone lived together in amity and 
never feL victims to the ''cat or be eaten" law which had 
citistcd since life began. However, that is no valid objection. 
Far more telling is the fact that today scavenging animals are 
predommantly shy night-creatorcs {like hyenas) or birds 
(like vultures) whose keen eyesight enables them easily to 
scan large areas □£ tcrritoxyr That the "cold-blooded ” saurian, 
even with its strength and aimamcnt, would be capable of 
making nightly forays is improbable. And great bodily agility 
which is essential for hunting out carrion over a wide territory 
is a quatiiy that, by its absence, directly contradicts Abel's 
theory. So there remains the plausible picture of monstrous 
predators attacking, rending and devouring their prey wher¬ 
ever and svbcncvcr they carnc across it. 

The tyrannosaur ii krtown Only frioni the Upper Cretaceous. 
It was about the last of its predatory race. For they all died 
out by the end of the Cretaceous. Somewhat older is its pre¬ 
decessor, ^nific3dei™iij> from the Upper JuiassEc, which was, 
however, considerably smaller, as was the European M^galo- 
sauTTLSf and Oorgpsaunis from the Upper CJetaceous in 
Canada. 

The very idea of a dinosaur always suggiests a terrifying, 
gigantic monster, [n general this is true, as we have already 
seen. A faiacbioaur which towered to a height of 90 feet and 
could easily have looked in at the fourth-floor window of a 
block of apartments, or a tccth-gnasbitig tyrannosaur as tall 
as a tree, were indeed like creatures out of a nightmare. But 
beside these saurian Goliaths there were also the Davids, 
From the Jurassic in Bavaria wc know of Campsognathtis^ an 
exceptionally tiny predator, perhaps the size of a cat, which 
must have moved very rapidly on two legs. Similar was 
OTTiithoi(ejtff3> a little animal of trcraeitdous agility. These 
fed on small beasts, as was revealed by the stomach-contents 
of CompsognaihxUf or else were egg-thieves as is indicated by 
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ihc Jiamco! OmTafttar^ w.|]Ldi found, togelhcv^^ith i'foiO' 
in Mongolia, 

Although the foregoing may suggest an abnioHatit viriety 
of types, those that have been mtutioned represent a tneie 
sampUng of the most typical and best known, IVumcirous 
scattered fpssi! remains are still awaiting recon-itTn.iction. and 
systematic arrangementr At any moment a fresh lueky dis- 
coveiy may bring to I Igh t a nc^v, n nknown sautian emb^deitl 
in the roclcs. But quite apart from, this possibility, tvhac we 
know today fully sttfTices to produce a complete biological 



ComffiogttalltttSr a cat-sized predatory Saurian from the 
Jurassic (according to Heilman) 


pictuie of the JurassiC'Crctaccous and to confirm that this 
was the tingdom of the lizards. And, indeed, it was so in tbc 
fullest sense, for the air, which hitherto had only been access¬ 
ible to flying insects in a very reatri«ed degree, s^as for a long 
period dominated by tlie reptiles. 

This almost unbeliciablc fact took a long time to gain 
acceptance- As early 95 there tvas disooveied in the 
Jurassic formation at Eichstiitt in Ravaria a fossilised animal 
that could noT be " placed ” in any category, ft was thpnght to 
be a sea beast or an aquatle bird, until Cuvier, with bis 
incornpamblc ability, idinLifted it m a flying reptile and 
named It Piero^ciyluj. At first not even be was believed: 
then the discovery of further specimens, some very well prO’ 
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sensed, no long^er left niiy doubt ns to the prehiitoric ejcisLenM 
of flyiTig reptiles. Wiih this class of vertebrates Nntur^ had 
noiv tried out every possible vniEatipn on of life. 

It is easy to follosv hots', slowly nnrt gradually, this invasion 
of the air took place. The pterodactyls were still very small, 
cIlHtisy flappers. Tlie Eonvlh liilger^ on eHCh hand tvcrc 
cnovraously pvoloneetl, and the broad meinbraiujiis tvines 


a^. Onn'rAetejJffj, a small predatory saurian {aecoidin^ to 
Osborn and Knigtn) 

were stivtched between them and the hind legs. The first 
three Fingers had claivs; the fiftfi wzb completely stunted. 'iTte 
projecting three fingers wxre probably used [o grip when 
climbing about in the branches of trees. The tail, too. was 
greatly shortened. The teeth inchided fangs which suggests 
that the pterodactyls may hai'e hunted snnalt fish, a, pursuit 
that ^sxiuld have required relatively actomplishod flying 
Their positiem of vest may have resembled iliai uf the bats, 
with their clavfs ■embedded in a branch and the body banging 
bead downwards. 
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A further Step toivands iniproi'td flight w^s achieved by the 
genu£ i^'hose Willg-Tllcanbrsne ^vas more 

jirtt poiniei:!, r.ither rtwiiXliiig the wing oF 3.11 
albatross. Even more iiitpertantf however^ iras the develop¬ 
ment oE a long sincivy taiL equippetl at the end wirlt u 
projecting meml>ninDU5 "sail'’ whLclj eould be used for steer¬ 
ing during (light. These animals ivcre. On the M’holej already 
somewh?it larger than the pterodactyls. While the early pieto- 
dactyts tirere soirircly bigger than spirrow's, Rftnmphorhyn- 
cfirxj had a body tire si/c of a dove and svings more tlian three 
feet across, The ne?it for^vard step in the ci-oUttion of ilrcse 
saurians was probably tlic growth of a haiiy covering and 
licrhaps evem—which would hive been an ininieirse step for- 
rvard^a constant fjlood tempcmiiLre, such as only birds and 
mammals possess today. Their braini, too^ dcvclo|>ed, a greater, 
almost bird-like intelligence. 

The giant among the ptenv-iiiurs—this being the general 
name given t* Hying reptiles from the JiuTSSSte-CTeLiccoiiis— 
appeared duviitg the Upper D’ctHiccous in the form of the 
f’fjrflMCkdoji. In Kansas, minicrotis fossilised remains liave 
been [oLiiid which suggest a gliding flier about the size of a 
man, rvith a Wing-span of tip to feet, It thtis considerably 
exceeded the wLng-sp;iii of any btvd living today. As in the 
case of the cluscly related piemdactyl, the tail of rieranitcion 
svas almost entirely lacking. For the purpose of steering, a 
narrmv bony excrescence, arising from the head and extend- 
ing backwards in tlie sme plane as the long pointed beak, 
must have been of great aasiaLance. In contmst to its relatives 
in the Jurassic, who bunted near the shore, this animna! would 
have hecn able to coiicr conatdciablc distances over the open 
sea, living on fish and soft-bodied animals. To judge From its 
anatomic structure, its flying cannot have been achici-ed by 
actual flapping of the wings. The lircast-bonc was too weakly 
developed for this. Hut it was an accoenplished and ei'en 
elegant glider, ivith keen eyesight, a constant blood tempera¬ 
ture and brains superior to those of other saurians. Yet these 
really CKCcIlently equipped IlKUds died out too at the end 
of the Cretaceous. 

In addition to the three prototypes just meniioned, there 
svere also a number of other varieties which have been found 
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in widofy separated parts of The (wivld. Hoimer, among the 
pterosaurs there was nothialg like the Varietj' which pres-ailed 
ill the svo-rld of the hmd lizards, or so we must assume from 
their generally seanty fassif remains^ the rich Jurassic and 
Ci-ctJceous layers in South Germany and North Arnerica 
ttfing quite c^tcept tonal c?ses. Discosicrieii else wherry have been 
very s|jiLrEc, so it is by no incans certain, that these ercAtutes 



3$. l*i£mrwitoni the largest jtfld rirosl sktllul flier among the 
ptencKaini 


were diiuihuted ill cn-er the world. On the other liand, it 
mnay be that the tleEicAtC, hollow bones of the flying saurians 
\VL'ne [rarticularly insceptible to decay. 

This hold attempt by Nature to conquer the air through 
her favoured reptilns, in svlrom bird’ILke characieriatics were 
apparent not only in their posvers of night, might seem to 
suggest that the trite birds developed from them. But this u-aa 
not the case. The hinds cevtainly evoked from the reptiles^ 
just as did the niamtt&jk, but nut from the pterosaurs, which 
(must be regarded as a distinct line of development on their 
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The origin of rhe blrdsK the point of thcEr branching off 
from the line of deacent oE tho repiiles, must lie nrueb further 
bade, at least in the Triajsic l^criod. So a coinrrtoii anccatry 
of dinosaura and birds is probable. 

We know next 10 nothing about tlic path fotlonved by the 
icptile-bird line of desceTii during the 50 or so mil]ion yearx 
fi»m the Tviassic to the JuratsiCr In this respect the fossil 
ireasui'e of the Eartli has Failed us. It ti'95 only in the Upper 
Jurassic that the fti'st true archetypal birds Tn-cra discovered. 
Tile excitetnent this caused tras tremerLdous, and It precipi¬ 
tated one o£ the bittenest argi,iTncii(s ever to arise over fossils. 

In the year iSGi the quarries nciii' Solnhofcn yielded up an 
animal about the siw of a crotL^ wlucl^ had actually been 
feathered. The local Solnhofcn doctor, one Mabcrioin, 
immediately realised the sensational tTnpoi'cance oE the find 
iind acC[ULrcd it. Shreivdly he spread the news about and 
oJfcred the fossil for sale to the scientihe world—at an 
immeuse, but wholly justifiable, price I He guardetl his 
tncasuTie so closely tfiat he forliadc any pliotogmphs or draiv- 
ingp of it- Rut he found no buyer in Gennauy, Since the head 
of the animal was at first thought to be mining and it ivas 
olso Lu Other respects defective, there was a great deal of 
critical talk, indudiug the mention of the word "fake”. But 
tile British Museum, sthieh. had at least exaimned the object, 
put it^ inast in tlic fossil El liorado of the Jura Mountains 
and acquired the disputed tncMure fn the face of all the con¬ 
flicting opLiiions oE the pundits. The amount paid was jffioo 
(54,000 gold marks), a huge slim considering the value of 
money in those days. The HrEtish natui-alisi Sir Richard O^ven 
quickly dispelled all doubts and confirmed tliai this was indeed 
a fossil M'ith partly avian, ^rtly saurian cbaracieristics. So it 
joined tlie sum of Kicntilic knowledge under the uime of 
Ardmcfipltryx. 

But this ivas not the end oE the case of the ' early bird In 
1877, in the Blumenbci^ near Eichstsitt, a sccorid speciinen 
^ffls discovered. Haberlein ufas once more quickly on the spot 
and bought it from the owner oE the quarry. This second 
example ii-BS considerably better preserved than the firtit, and 
the head, being present, vm cakd a lootlied Eicak. So up went 
the purchase price to alkooo marks. Once again there folloived 
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a ivcarisortie barigainirvg conduttcd by the shtei^d doctor, who 
c^'cnLiially came down to 2(^000 marks but was Still unable to 
dispose of his tieasurc iu Germany. It almost [ooked as if 
some other country ^vould succeed in securing the priie, t^heu 
'Werner '"on Siemens decided to piiy SUNOCO marks nind saved 
the fo-ail for Germany. A little later the Prussian State 
Museuin bought it for ilie same sum and it was given to tlie 
Oerlin Naitim] History AfuscLim. 

Tills second Hying beast 105 at first named drefia-eoraij:, 
but it is now considered 10 belong to the same genus as the 
first, Arc!lMOj?Ieryx. 

Although these two specimens must surely have been tlie 
most expensive fos-sils ever found by man, their actual con- 
iribiitiofi to science, in lending poirerful support to the 
cvmlutionary theory, is indeed inunense. They are animals 
icprescnting the Stage of development mid^vay between 
reptile ajtd bird, fioth apctLincus have reptilian chara,ctcr- 
istics in the toothed beak, the fi'cdy movable rump- and tail- 
vertebrae, nind the three’clawed, lizard hngers projecting from 
the wings r the primitive bird is evidenced in the beak itself, 
the plumage, and the ability to fly. So sve have here tonsi- 
tional for ms ivhich could hardly be more revealing. Their 
Hying skirl cannot have been s'ery great; at that stage they 
ivcrc still "learning'". 

The further stages ou the load 10 the trite birds are, so far, 
unknown for lack of rclcvnint fo»ik Throughout almost 
70,UOC,OOD year's of the Cretaceous, we have, in this respect, 
virtually 110 information at all. liulccd it is not until the 
highly productirc Upper Crctnuicons in Kansas that ivc have 
de Eiiii te knowledge of two true water fowl. These are .He 3 fter^ 
OTJiis, a swimming bird tviih extremely stunted wings w^hich 
I'CTTidcred it wholly incapable of flight, and I^hihyortiis, ^vhidi 
must certainly have been a gucHl flicT, Both forms Still Irani 
toothed beaks. 

Evidently the great tle^'eiopment in the bird tTOvld, as in 
the w'orld of mammals, first occurred in tlie following Ter^ 
tiiry Period, so that we shall have to take Up the subject 
again then. 

We have now covered the extremely colourful, adventtir 
ous, and undoubtedly monstrous world of the Jurassic and 
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56. Limestone slab containing specimen of Archaeomis from 
Eichttatt 


Cretaceous Periods. The Mesozoic Era—the Earth’s Middle 
Age—is over, and we are standing on the brink of the Modem 
Era in geology. Once again it must be emphasised that there 
are scarcely any clear-cut distinctions between individual eras 
or epochs. However, between the Cretaceous and the Tertiary 
there took place a tremendous biological event which char¬ 
acterised the beginning of the Modem Era and which does 
justify pladng a caesura here: the saurians died out. 
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THE EMPIRE OF THE REFTltES 

It mwst be UEuler^iocd that not all ^aurisiti forms became 
extinetK far liiaTdSj crocodiles, sna^kes and tanoisft still exist 
today as ibeit direct descendants. What happened was iMt 
the species dominating the Earth—^tbe sea neptiles, the dmo- 
sauia and the Hying lizards—vanished from the scene, nat 
one of- them fiiirT.'ivin^ the end ol the Cretaceous. In addi¬ 
tion, certain other primeval relics, snch as the ammonites 
and the bdemnites, also became cKtinct at this crLtieal 
time. 

The consequences of this biological change are abundantly 
clear. Vast living spaces were left uninhabited as a result of 
the disappearance of the saurians, and almost iramed lately 
the rise and spread of the rnammals and birds began, ^uch 
a complete “changing of the guard" is unique in the history 
of the svorld and raises whole complcxea of questions on the 
stibject of evolutionary lustory. From the conditions prevail¬ 
ing, one thing must be accepted as a fact: the saurians had 
first to disappear, before the mammal^ COuld ftourJsb. Wc have 
already established the earliest origins oE the mamnials with 
the tberiodonts of the Permian. From the Upper Triassic 
there ate some very limited fossil remains j[tceth, fragmenis of 
jaws. Jlrilc pieces of skeletons).) which evidently belonged to 
true mammals. lit the Jurassic and Cretaceous, Coo, there are 
just a. very few Instances of remains of tiny animals which 
must certainly have been mammals. This means, therefore, 
that this iiighest class of animal was in existence for at least 
iao,ooo,ooo years, up to the hegmnii;ig of the Tentary, with¬ 
out, over chat enormous period of time, succeeding in makiiag 
the stnallcst advance along its own evolutionary line. And one 
must remember that subsequently, in half that time, the 
marnmnils managed to develop from primeval, marsupialdilte 
animals into men, Thig initially slow dcvelqprncnt can only 
be attributed to the sautians, whose strength and prevalence 
nipped in tlifi bud any floivering of larger and more highly 
organised mammal forms. Helpless and humbled, bunted and 
literally down-trodden, these later lords of the earth crept 
aivay into every available escape nook and scarcely ever grew 
larger than a field-mouse—and when they did, it immedi¬ 
ately proved their doom. Even widespread dispersion wag 
ifnade difficult by the fact that their environment was domin- 
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aced by giants, one reason for the scantiness of surviving 
remains of their puny forms. And so the dying out of the 
saurians was a biological stroke of luck; for had the saurians 
completed their work and entirely destroyed the mammals, 
mankind would never have existed. 

What caused this general decline of the saurians which 
finally led to their extinction? 

This has always been, and still remains today, a riddle never 
wholly satisfactorily solved. The death of a species, the com¬ 
plete extinction of a class of animal or plant, is something 
that has often been known to happen in the past. Whether 
it was a matter of trilobitcs, graptolites, eur)pterids, stego- 
cephalia and Rudistes, or whole families of primitive rock¬ 
building corals, or trees such as Sigillaria and Lepidodendron 
from the Carboniferous, there was nothing unnatural or 
inexplicable in their vanishing from the face of the Earth 
after a long existence. They appeared always at a time of 
favourable physical environment to which they could respond. 
In every' case an undeveloped youthful stage was followed by 
maturity when they were at their biological prime, then a 
period of ageing, and finally senility. This life-cycle is so 
bmiliar to us from individual examples, so much a part of 
the world of nature, that we can easily envisage its applying 
to the growth and death of whole groups of organisms. Every 
species in its development reaches only one climax, which is 
achieved by using ^ its inherent possibilities for develop¬ 
ment in the struggle for survival. Reyond this point, as the 
result of the exhaustion of iimer potentialities, there is no 
possibility of further progress, the only further developments 
being purposeless aberrations which cannot possibly survive. 
The b«t example of this has been seen in the weird and use¬ 
less shapes assumed by the ammonites. In every case, over 
lengthy periods of time, the physical and biological environ¬ 
ment alten and makes fresh demands which, after reaching 
and exceeding ceruin limits, can no longer be satisfied. Sud¬ 
denly there are better swimmers or runners, swifter and more 
agile enemies, who previously w’ere lacking. Stronger animals 
will devour all the vegetation on which the weaker feed, or a 
change in climate effects a change in the vegetation which 
hitherto had provided sustenance. Predatory animals destroy 
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the young of others, thereby imperilling the future 
generations. 

There are many other possibilities of this kind which can 
satisfactorily explain the extinction of species no longer cap¬ 
able of further development. But what took place at the end 
of the Cretaceous far exceeded anything we can imagine. It 
was not a matter of the disappearance of a genus or species, 
or even of a whole hiraily, but of an entire race of reptiles, 
diuributed perhaps over the whole world, on the land, in the 
sea and in the air. If it were only Brachiosaurtts that had died 
out, or just Brontosaurus, there would have been scarcely any 
cause for wonder. Such huge mobile mountains of flesh, with 
their tiny, inefficient brains, were a specialised form of life 
with very restricted possibilities for survival. A change in the 
flora on which they fed, or an increase in carnivorous enemies, 
would alone have sufficed seriously to threaten their existence. 
But an individual instance such as this could have had no 
effect upon the whole Mesozoic saurian world whose undis¬ 
puted Lebensraum was the whole Earth. A failure of vegeu- 
tion can only have occurred locally. And everywhere the 
plant world had been vastly enriched by the angiosperms. 
The dinosaurs could always have found their food. In the 
seas, the ichthyosaurs and particularly the mosasaurs were 
redoubtable enemies of the powerful sharks. And it is quite 
inexplicable why the beautifully developed and, moreover, 
intelligent Pteranodon is not today still soaring over the 
oceans of the world. There must, therefore, have been quite 
exceptional circumsunces which, at a definite point in time, 
spelled the doom of the saurian world. 

Conditions in their physical enWronment could scarcely 
have proved decisive, for the Eocene (the oldest part of the 
Tertiary Period) did not differ so greatly from the preceding 
Cretaceous. Even local geological upheavals, such as the 
Alpine mountain building which may have led to the drying 
out of swampy regions, could not have been a vital, all- 
explanatory betor. On land there were very few enemies— 
in fact, there were only the predatory saurians. And could 
thest have .so decimated the herbivorous saurians, that even¬ 
tually they too died out one day for want of meat? Experi¬ 
ence in the world of mammals has shown that no beast of 

c* 
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prey has ever brought about the extermination of its victims. 
Pteranodon, moreover, had, among the scanty bird-life over 
all the wide oceans, not an enemy to fear. 

There remains to be considered the threat to progeny 
from egg-eaters, an alw-ays debatable point which must be 
taken into very serious account. It is known for a fact that 
these egg-eaters existed among the smaller saurians {Oviraptor, 
for example). But to have menaced the existence of the dino¬ 
saurs, they must have been overwhelming in their numbers, 
which is not confirmed by fossil finds. 

Professor Beurlen has considered the possibility of intrinsic 
causes. Every increase of size in a species, such as is typical 
of most saurians, necessitates a longer period of growth and a 
later onset of sexual maturity. As a result the intervals 
between generations naturally grow longer. At the same time, 
such animals usually bring fewer young into the world, which 
means a decrease in the total number of the species. Late 
maturing also brings about a weaker development of the 
sexual glands and a degeneration of the other ductless glands 
whose hormone excretion is partly regulated by the activity 
of the sexual glands. This results in bodily over-development 
which commonly leads to degeneration of the species. 

A final possibility is the appearance on the scene of enemies 
who so far have apparently played no part in the world—the 
bacteria and viruses. 

To what extent diseases existed in prehistoric times is not 
known. Whether cold-blooded animals are susceptible at all 
has scarcely been investigated. They are probably not today, 
for death from infectious diseases among the enormous 
numbers of present-day crocodiles, for example, is something 
unknown. Nevertheless such a possibility cannot be com¬ 
pletely ruled out. The world of bacteria may perhaps have 
come into existence in the far distant past, and up to the 
present day the dreaded pres-alence of these microscopic 
creatures has not diminished. Indeed, they are still the most 
dangerous adversaries of higher forms of life, more frequently 
destroying us than we them. Their vitality is astonishing, and 
their capacity to become resistant to the most modem drugs, 
really alarming. What, therefore, if they had first “ discovered ’’ 
during the Cretaceous Period how to live as parasites in the 
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bodies of the reptiles? Such an assault upon higher forms of 
life which lacked the necessary antibodies in their blood, 
would have been overwhelming and could certainly have been 
the cause of universal and almost simultaneous extinction. 
Admittedly, it is not known exactly what was the length of 
the period covering the final disappearance of the saurians. 
If there were a number of gradually accumulating causes, it 
might have been millions of years. But it equally might have 
been a mere few hundred years, if the desperate scourge of 
disease had swept the world. Over this subject hangs the dark¬ 
ness of a biological mystery that has yet to be dispelled by 
the light of science. 

After the Carboniferous the world of the saurians is 
undoubtedly, to non-geologists, the most “popular" period 
in Earth's history. Among laymen, the age-old and widespread 
belief in the existence of “dragons” suddenly enjoyed a sub¬ 
stantial renaissance as a result of the rapid accumulation of 
fossil treasures in mascums. Even the most gruesome tales of 
griffins and fabulous monsters of antiquity seemed to be con¬ 
firmed, at least partly, thus justifying all past suspicions. 
There follow’ed rapid “explanations”: that the origins of 
these legends were based upon encounters between prehistoric 
men and saurians. But that, of course, is entirely out of the 
question. Man and dino^ur never came face to face. Even 
random discoveries of fossil skeletons, which early man may 
easily have made, could never have sufficed to stimulate 
menul reconstruction of such dragons. For that, anatomical 
knowledge and techniques, such as not even the Middle Ages 
possessed, were required. 

But how, in fact, arc the numerous dragon legends that 
exist among peoples of all nations to be explained? Is Sieg¬ 
fried's battle with the dragon entirely fictitious, nothing more 
than the product of a poet's imagination? Apparendy the 
answer is yes. For among the thousands of cave drawings of 
Ice Age man, who lived long before the period when these 
legends first arose, there appear only animals that are well 
known to palaeontologists and not a single beast even remotely 
resembling a surviving dinosaur. 

Cave art emerged in the areas bordering the gbciers which 
for a long time covered most of North and Central Europe. 
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In spite of lengthy and quite \vaTin intcr\'al5, Europe T^'as not 
iin area that held uiueh attraction fuT cold-blooded atiimals 
like the saurians. On the nther hand, is it not possible thatj 
in areas more climatically favourable, the last of the saurians 
may still be surviving up to this day—for instance in Central 
,\frica, in the jungles and stvamps of the Congo or Angola? 

Since the beginning of this century there have been quite 
a number of reports suggesting just this, many embellished 
with every kind of lurid detail. Mighty animals such as rhino- 
ccrqscs, hippopotamuses, and even elephants are said to have 
been attacked, mutilated and mangled. Vegetation at the 
scene of such battles devastated as if a ^ttle of Titans 
had taken place. Gigantic footprints and tracks suggested the 
presence of some enormous ereature. Natives who chanced 
to be present at such encounters and bolted in panic, spoke of 
monstrous beasts with huge horns on their heads and wildly 
thrashing lizard-like tails. Other stories from the Congo- 
Angola-Cameroon region offer different descriptions, but all 
without exception tally remarkably vfith our ideas of what 
prehistoric saurians must have looked like. Most of these 
tales naturally come from nattves, which does not make them 
any the more credible; but here and there they are alleged to 
have been confirjncd by' European settlers. Eor instance, there 
was ''a PortuguuBe truck-owner” who, together with some 
natives, tracked down one of these rumours and in fact found 
traces of a struggle and the dismembered remains of a rhino¬ 
ceros. An " animal-trapper ” named Hagcnbcck claimed to 
have been hot on tbc trail of an actual monster. A M. Ic Page 
Stated that, in 19^0, he ^me face to face with a prehistoric 
creature. And a " German scientist (name not known |) said 
that he had photographed one. (Unfortunately, the photo¬ 
graph never saw the light of day, although it would have pro¬ 
vided the strongest possible "scientific” proof.) A "Negro 
chieftain” repeated his grandfather's description of a giant 
lizard that was said to have died during the old man's day. 
Similar stories were told to a German mtpedition in the 
Cameroons in 1513. Frau Use von Noldc, who lived for a long 
dme in Angola, collected a number of more or less credible 
reports from native sources. These were frequently contra¬ 
dictory, but that need not be taken as a total disproof of tlielr 
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truth, for such an encounter in the midnight jungle would 
be enough to addle the descriptive powers of anyone lucky 
enough to return to tell the tale. 

It is difficult to say what, if any, truth tliere is in such 
stories. It is not simply a matter of ascribing the reports of 
Europeans to the psychological effects of living in the tropia. 
and dismissing the native tales as the lies of "children of 
nature ”, lacking in judgement and prone to exaggeration. But, 
inherently, there is little probability in any of these tales. It 
is significant that they only tell of encounters with individual 
saurian descendants, and over quite a number of decades the 
total of such adventures has been remarkably small. We might 
expect that a group of animals that had survived through 6o 
million years to the present day would be in a flourishing 
state and existing in considerable numbers. It would be really 
too extraordinary if the very last representative of a dying 
race were to be seen only in the twentieth century, as the 
" native chief" claimed. Nor is there any confirmation of the 
rumour that certain cave-drawings in South Africa, unlike 
those in Europe, depict these prehistoric beasts. The location 
of the caves in question has never been divulged, so it is 
impossible to investigate the assertion. 

It is true that, even today, there are swamp areas in the 
interior of Africa which are almost entirely unexplored; they 
are full of secrets, perils and—perhaps—unknown species of 
animals. But. broadly speaking, one can hardly talk any longer 
of the " dark Continent". The insatiable hunting-lust of foot¬ 
loose adventurers, the desperate search for mineral treasures, 
the invincible curiosity of scientific expeditions, have all left 
scarcely a blank spot on the map, so that it would be really 
remarkable if reliable observers—and which of them is not 
armed with a camera these days?—had not obtained at least 
one " snap " of an extinct saurian, particularly since the out¬ 
lines of the territory in which these interesting beasts are sup¬ 
posed to disport themselves are fairly definitely demarcated. 

It goes without saying that official science gives no weight 
to these rumours. If it were otherwise, obviously every museum 
in the world would regard as its bounden duty the capture 
alive of one of these prehistoric relics. This particular possi¬ 
bility seems, on the whole, not to have worried the museums’ 
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curators. Only when, in 1938 and after, the famous coela- 
canths were netted from the sea, did the romantic chcrishcrs 
of these legendary rumours spring into action again. Here 
was a precisely analogous easel Until the first coelacanth was 
caught, scientists were convinced that it had been extinct for 
the past 60 million years. And now the fact that it " is" 
instead of “ was ” has forced them to think again. 

Thinking again can certainly do no harm, but the case of 
the coelacanth is exceptional. The immense masses of water 
covering the globe have been far less intensively explored 
than the much more accessible land surfaces. Life in the seas 
has now yielded up its proof of prehistoric survival. If the 
land were to do likewise, science would be grateful and 
jettison a theory that at present denies such a possibility. 
Until that happens, "chipekve”, "coje ya mcnia" and the 
other fabled animals with their widely varied native names 
cannot be taken seriously. 

Yet how are the closely similar stories of dragons, which 
appear among peoples widely separated in place and time, to 
be explained? How did the idea arise that Siegfried slew a 
dragon, when there apparently ne>’er existed a dragon to 
slay? Well, it is safe to say that no legends have ever sprung 
from the “communal consciousness” of a people; they have 
always been the product of the poetic imaginations of a few 
especially gifted individuals wlsosc intellectual powers enabled 
them to perceive more, to sense more and to invent more 
than the mass of their fellow beings. Any small, vividly 
persistent memory from childhood may help the reader to 
undcratand this. 

From the homely lizard could be elaborated tales of terrible 
fights with dragoru; the very small magnified into the 
monstrous. There are. indeed, sub-tropical forms of lizards, 
such as the Agamidac—a family including frilled lizards with 
“wings" on either side of the body—which by virtue of 
their bizarre appeaiance provide a perfect model for legend¬ 
ary flying monsters. 

At this point mention could well be made of the colouring 
of the prehistoric lizards. Unfortunately we know little about 
this, for fossilisation is not capable of preserving colours. But 
there seems to be no valid reason for supposing that the early 
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saurians were in this respect fundamentally different from 
those we know in the world today—lizards, snakes and croco¬ 
diles. It must be admitted, however, that the colouring of all 
" reconstructions " of all fossil animals is really no more than 
guesswork—and the same is true of the amount and distribu¬ 
tion of hairs, scales, etc., on their skin.* Even much of the 
outline (when it is influenced by muscle rather than bone 
structure) is the result of imagination, usually allied, we hope, 
with profound anatomical knowledge. 

And our radio wave is still racing through space. It is now 
little more than 6o million light years away, a mere nothing 
compared to the distance which it has already traversed. 
Nevertheless, it is still on the far, far side of the Milky Way. 

* It is raj mely iodeol iKai ih« fine surface tletails are preserved, at did 
however happen in the case of the * mummlfted * JSdn%oniot«unu. 


CHAPTER FOURTEEN 


The New Age Begins 


Earth’s modem era—the Cainozoic—is subdivided into 
two parts, the Tertiary and the Quaternary. These names are 
survivals from the oldest geological nomenclature in which 
the Palaeozoic was called the Primary Era, and the Mesozoic 
the Secondary Era. The Quaternary, which includes the 
Pleistocene and the Holocene, is the most recent, extending 
right up to the present day and going back some 1,000,000 
years. The other 70 million years belong to the Tertiary, 
which, being earlier in chronological sequence, we shall 
obviously deal with first. 

The Tertiary is subdivided into the Eocene, Oligocene, 
Miocene and Pliocene Periods, each being differentiated by, 
amongst other things, the varying content of present-day 
surviving life in its geological strata: thus in the Eocene 
there is roughly 10 per cent, in the Oligocene so per cent, in 
the Miocene 40 per cent and in the Pliocene as much as 80 
per cent. These figures are of great significance and clearly 
indicate the increasingly rapid change of biuna with the 
approach of the modem age. 

A similarly rapid transformation took place on the face of 
the Earth, with the climax and conclusion of the Alpine fold¬ 
ing movements which had begun in the Jurassic and Cre¬ 
taceous. The final result was that by the time of the Pliocene 
the proportionate division between land and water was 
within so per cent of what it is today. This folding process 
evidently began in the late Jurassic and raised up large 
portions of the North American Rocky Mountains. The 
South American Cordilleras followed in the late Creuceous. 
Whereas the ranges or chains of these foldings ran from 
North to South, the young mountains of Europe and Asia 
built up in an East-West direction. That meant the end of 
the age-old Tethys Sea, from the floor of which were extruded 
aio 
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the Atlas Mountains, The Pyrenees, the Alps, the Carpathians, 
the Caucasus, and the mountain ranges of the Balkans and 
Asia Minor. The climax came during the transition between 
the Oligocene and the Miocene, and this world-wide crustal 
movement was certainly the most violent since the world 
began. Obviously, such an immense mountain-building 
process, which certainly did not take place everywhere simul¬ 
taneously but occurred in successive phases, made enormous 
differences-to the general topographical picture. At first it 
caused extensive transgressions by both the Tethys and the 



37. Map of the world at the beginning of the Alpine 
mountain folding 


Northern European Seas. In the Eocene, the Northern Sea 
flooded over the whole Anglo-Gallic basin and spread as far 
as Pomerania. In the Oligocene it extended across North 
Germany and Russia as far as the Aral Sea. At this period, 
too, the lowlands of the Upper Rhine were inundated and 
became an arm of the Tethy-s Sea, which thus was tempor¬ 
arily connected with the North Sea. The great land bridges 
of the northern continents—Ireland-Iceland-Greenland- 
America on the one side, and Alaska-Siberia on the other— 
subsided at numerous places, but were continually rebuilt 
until their final collapse in the Pleistocene of the Quaternary 
Period. In the Eocene the land connection between North 
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ind South America waa brt>ten, only to be uMitiblished m 
the middle Pliocene. The final retTwi oi the oceans occurred 
alter tfic Miocene, by which time all the chief mountain- 
foldings were completed. But there siill persisted, for a long 
timcj shallow basins and inland scos of varying extent. All 
these geological processes were accompanied by imniense, 
primarily basal tic, eruptions and an intense increase in vol¬ 
canic activity. PraclicaJly all volcanoes active today are the 
scattered relics of that period. Naturally, the Early TcTtiary 
system of Tivm was entirely disrupted and—^mainly in the 
Miocene—completely nc-distribuLed. It was nnly then that 
the Rhine, Weser, Elbe, Danube, Ujire, etc., came into exist¬ 
ence in Europe, Among the sediments there predominated 
saiidstoncti, sebiit and marl—COmposiiely known as Flysch- 
This is found bordering the Eajitem Alps and the Carpathians, 
in Dalmatia, Greece and throughout South Asia, frequently 
associated with numniiilite limestone. 

The now extinct nummulitcs were protozoa which sud¬ 
denly appeared cm the scene, in incalculable numbers and 
exceptional size and built most of the chalk coasts of the 
Tethyi Sea. We have already twioe before encountered a 
similar sudden appearance, flourishing and disappearance of 
animals of this kind in the case of the orbitolites of the Cre- 
taceous and, before them, Fusulina of the Carboiniferous. 
Such spontaneous outbursts arc one of the strangest pheno¬ 
mena in Nature, for they leprcsent attempts to achieve 
immense effects by the repeated use of minute animalcubc in 
a rule identical to the one they had already played as " pritnal 
creatures'^ in the Pre-Cambrian. An interesting point about 
these protozoa is their repeated development of new types, 
for the nkimmulites did not exist before the Tertiary. It is 
precisely here, close to the very source of life itself, that 
vitality seems inexhaustible; for protozoa arc enduring forms 
of life which, in spite of the extinction of numerous species, 
ha^t been with us since the Tcmotc dawn of time and, quite 
apart from surviving, continue always 10 produce new 
varieties. Thus the itrcam of life flows on. 

The climate of the Tertiary was generally Tvarmcr than 
that of today. It ivas warm enough to cause sub-tropical 
vegetation to spread to far northern territories. At the very 



THE JJEW ACE BECIN3 

Start of the Tettiary the average annual temperature was prob¬ 
ably so* C.; in the fallowing Eocene it was as*. Then there 
began a gradual decline (Oligoccne Miocene Pho^ 

exme until it reached roughly the present'day average. 

The violent drop whicli led to the Tcc Age no longer had 
any connection with the Tertiary. This steady lowering of 
temperature once more brings uj up against the <x>mpEeK 
■nteiactlan of geophysical conditions- The folding of the 
gigantic European^Asiau mountain chains must have brought 
about a local change of climate in the regions lying to the 
nO'rth- The masses of water which e^'aporated into the atmo¬ 
sphere from the constricted Teihys Sea could not easily croa 
these high ranges which bad now become watersheds. T^c air 
curreirta, too^ were diverted and their prevalence clianged. 
The cooling winds from tlie Arctic now prevailed in all 
northerTt regiemsj and this could have blOtight about the fall 
in temperatures. What is^ liowever, Enexplicablc^ is the appar¬ 
ently sudden cooling of the poles—for, as has been mentioned, 
it is far from certain that they were always icc-cappcd, A pro¬ 
nounced lilting oE the Earth's axis must again, be considered a 
possibility; cme reauk o£ [his—apart from the exceptiona! case 
oi the Ice Ago—would have been our contemporary climatic 
jOircSj starting gradually and then btecoming more and more 
sharpily differentiated. Tlie retreat of tile warmthdovipg SUb' 
tropical lloira first became evident in Central Europe towards 
the end of the Miocene, and finally, during the Pliocene, 
plant life in Europe took on approximately its present-day 
character. Coral deposits during the Miocene axe only known 
as far north as the latitude of Malta- 

Mineral rcsouTces originating in the Tertiary were prim¬ 
arily oil, salt and lignite {brown coal). About 50 per cent of 
all Earth's oil rcsourujcs date from the Tertiary; the remainder 
is divided principally between the Cretaceous, Devonian and 
Silurian strata, lienee is by no means clear as to how oil— 
of such vital importance to world economy—is actually 
fbmted. Like coal it is certainly organic iu origin. Water 
saturated with salt and poorly aerat^ must be regarded as 
an essential factor. The chief organic source of mineral oil 
may be found in plankton, a collective term embracing all 
plant and animal life which leads a drifting CKistcnce in the 
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sias and hfc.es, and cgmpriSLii^ the nticrostopic ptotOEOSj algae, 
jelly fish, certain snails and emstacea. I£ these aniinals die in 
vo ters such as those described above, they will nut decay bni 
urill disintegrate, under the influence of anaerobic bacteria 
(which can exist without oxygen) into a mixture of hydro¬ 
carbons. A rapid covering with sedimenti will then induce 
a gradual transEormaiion into mitietal oL. 

We have already seen, iu the limestone seas of cite Permian, 
how salt deposits were created. In the Tertiary the same pro¬ 
cess must also have tifceii placM- The retreating Tethys Sea 
left behind it great inland lafces which, because there were 
no rivers and no rainfall to sweeten their waters, did not 
change to fresh water but very gradually evaporated as their 
channels to the open sea dwindled- A classic " contemporary " 
example is the Kara-Bogai-Goh a lagoondike o 5 -shoot o( the 
Caspian Sea, to which it is ouly connected by a very narrow 
shallotv channel- Iu this Blacfc Gitlty", which is what its 
name means, huge salt deposits arc forming. Today the salt 
content of the water is already i8 per cent (the average salinity 
of the open oceans docs not exceed about g-V4 per cent). In 
Europe during the Miocene the Vienna Basin, far example, 
must have been just such a salt lake. From it came the gigantic 
sail deposits of Wiclczta on the northern side of the Car- 
pathians where rock salt has been quarried ior six hundred 
years and the seemingly inexhaustible seam goes down to a 
depth of goo feet. Here, as a consequence of a Tertiary 
inland sea, human moles have excavated a subterranean laby¬ 
rinth of caverns and passages which today stretch for more 
than yo miles. 

The first stupendous development of land plants culmin¬ 
ated during the Carboniferous. Now the Tertiary provided a 
second clitnax for the terrestrial Flora. All that had been 
merely tentative during the Jurassic and Cretaceous matured 
during the subsequent 6o million years. The gymnoaperms 
had been joined and were in the process of being ousted by 
the angiosperins, which dourisbed extravagantly on many 
different parts of the earth. Step by step, the covering of 
vegetation consolidated itself. Stored up rain-water in humus- 
producing soil, and thus regulated the water supply ol regions 
that for aeons had been barren. The period of scattered, oasis- 
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like iikndi ol vegeiaiioii was finally «nde(l in tlie global 
setisc. The sub-iropical cliiuztc produced cstensive forests, 
which were iHit, like the Carbon Ifeitoua forestij ttstricied u> 
ss^ampy ref ions aroiiifid sea coasts, but stretched far into what 
had been prcdominarLtly dry areas. Ol course the nature of 
the vegetation varied according to the soil, the land elevation, 
and climaLtc conditions. (For instance, jungles as lu^^uriant as 
the present-day AmajonEan forests could only have flourished 
on damp and swampy terrain.) As a result of these conditions 
whole generations oE plants sank into the ground and, after 
first becoming peal, commenced the old cirhoniEerous coal- 
building process and ended up as brown coal. It tj quite 
possible that the vast lignite deposits we know of today couid 
be transmuted into mineral coal by further tectonic convub 
sions in the distant Euture. But, so far as wc can tell, after 
the main Alpine Foldings there are unlikely to beany further 
major crustal foldings in Central Europe. Anyhow, the 
human laCe Cannot wait that long, and men have therefore 
exploited brown coal as and whene they have found it. It is 
far more accessible than ihe usually deep-lying mineral coal, 
for the Eew scdinicntaTy layers- ErOnl the Tertiary that COvier 
it are easily penetrated. Indeed, it is often mined hy open¬ 
cast tnethod-i. 

It was to be expected that the lignite deposits would prove 
rich trcasurc-houses oE Tertiary life, at least of plant life, 
which was much easier to identify in the soft brown coal 
than in the hardened and chemically iransfoimed miueral 
coal. And such was indeed the case. Seeds, fruit, remains of 
wood, well-preserved leaves, even whole tree-trunks, roots, 
etc., were found, which permitted the reconstmetion of a 
complete picture of the flora of that period. 

On the other hand, animal remains are practically non¬ 
existent. just as in the case of mineral coak The main reason 
for this is that in the process of coal-formaiion humic acids 
are produced which destroy the lime in bones. (In minemt 
coal mines animal fossils have only been discovered over or 
under the actual coal seams; that is, in the surrounding 
sedimentary layers.) 

But a sensational exception was provided by various brawn^ 
coal mines in the Geisel Valley near Halle in Germany. These 
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58. Typical Jigniw iwamp clearing, witli ciiKodilc and 
piinitlive forou Ol tapir and fiaming^o (acOording lO Z- 
Uurian) 


itiinie* lie between Halle and Merseburg and are world’famed 
in sciecitirtc cirdcs being unique and superb repositories ol 
animal remains Erom the world of the Tertiary. Apart from 
abundant Eortns of insect life, including the larvae of flies 
and the most delicate structnTcs conceivable^ there are, 
especially, skeleton^ of verLcbraies with tnarvellously pre- 
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wr^'ed fragiiienta of stliij muscles, pelts, which scttn to emeifge 
in almast inexhaustible quantities from their btOWtt'OOAl sar¬ 
cophaguses after 40 million years—and theCeisel vailcy brmvn 
coal must be old as that, ainoe it dates from the Eocene, 
One particularly fortunate circumstance was a decisive factor 
in this unique preservation of Tertiary life. The Gcisel 
valley Tertiary adjoins layers of shelly limestone—the Tri- 
assic Muschelkalk—as a result of which the ground water, 
containing disolvcd lime, penetrated the brown-coal beds 
and prevented almost completely the formation of the destruc¬ 
tive humic acids. Thus, after the Jura Mountains, the Geisel 
valley turned out to be the richest source of fossils in Europe. 

The vegetation of the area, as reviealcd by the Geisel valley 
cliscovertesj was sub-tropical to tropical. There were swamp- 



^9. Amber containing Ituects and plants 


cypresses and giant sequoias, such as we know today only iti 
the sparsely surviving giant trees of North America. Forests 
of rubber-trees, interspersed with palmetto thickets, laurel 
and cinnamon trees, and of course palms of the most varied 
kinds, all grew alongside oafcs and other deciduous and coni¬ 
ferous trees. Tropical rain forests alternated with swamps 
and steppe-like regions, seemingly in rather sudden juxtaposi¬ 
tion. Thus a sharp division between dry and rainy perioda is 
by no means out of the question and, indeed, suggests a 
connparison with the present-day conditions in the South 
American Matto Grosso, 

With negligible variations the Geisel valley flora covered 
tvdfy region of the then surface of the Earth and especially 
the lowlands and foothdl jungle of picenfi Europe. Date 
and coconut palms gfew along the Rhine. In England, tree- 
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r. Not only was amber bigMy esteemed by the ancient? 
oiTtamentat materialp it '5 today of coniidcrable 
rincc to the palaeontologist?. The original siidty, fluid 
which only hardened subseqnenily, frequently enclosed 
insectSj spiders* Jeavea and 
sma]! roosaes* and preserved 
all these object? in an ideally 
fcKssilised condition^ Two 
thousand species of insect 
h^ve been discovered 
Mr \ and ideniified in their 

\ amber setting?. 

This tropical catuberance 
y retreated in Europe gradu- 

"fijp ally as the average LeinpcTa- 

■ jY duoppcd- In the Lower 

Miocene the vegetation In 
6^^^ Central Europe had changed 

but liiile. But by the Upper 
Miocene palins were to be 
Found only in the still very 
favourable climatic area 
around the Lake of 
Constance* 

The tropical cUmatic con¬ 
ditions which today prevail 
north and louth oF the 
equator were in the early 
Tertiary spread well into 
the northcTTi latitudes and 
similarly the animal world 
of the present'day tropics 
then inhabited territories Far 


40. PhQTorhacos inflaiUJi a giant 
running-bird from the MLoccnc 
in l^augonia. Length of head: 
l foot 
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to the ncrtli. The Cci%c 1 valley " treasuTe hOuse hii yielded 
up niiifieEioui renialns ol crotodileSj turileij precur»rs ol 
giant jnalccSj tropical lizards, semi-apesj relatives of the tipir 
atid the AmJean condor, ft is certainly a cnrious thought that 
hippopotamuMS once swam in the Rhine. And rhinoceroses, 
seem equally out of place in Mongolia, not to mention camels 
in North America. Yet tliai was the appearance of the world 
in the Tertiary Era. For now we have reached the age of the 
fast-evolving farina which became the occupants of the regions 
abandoned by the extinct saurians. 

Nothing more was any longer to be seen of those grotesque 
Cretaceous tnonsters- Of coutsc it is possible that here and 
there a few .surviving specimens lasted into the beginning of 
the Tertiary; but we certaialy do not know of this for a fact. 
Very much more slowly, and now plainly surpassed by the 
mammals, the tcpiiln as a class pursued their modest way 
until they attained their present status. In this connection, 
it Ls remarkable that the snakes themselves arc the only ones 
to have evolved further in any respect. For a very long while 
they were non-poisononis. Fangs vfith poison channels and 
grooves aic OTdy knot™ from the Miocene, and with this 
deadly ivcapon these elegant and beautiful cicatiircs recap 
tured some oE the awcsomcnesa ol their ancestor?. 

Of the turtle?, the predominating types were laud and fresh¬ 
water animals. Fossil examples [in the 5 iwalik strata]! from the 
East Indies have been discovered up to ^ feet in length. 
Generally, however, they never achieved the monstrous size 
n£ their Mesozoic ancestors.. 

The binds developed very rapidly. Possibly the lack of 
enemies in the air helped, .^s far back as the early Eocene 
toothless forms had appeared. A striking feature in many 
fossil types is the loss of ability to fly wviitg to the stunting 
of their wings. Numerous fossil discoveries in all parts of the 
world have brought to light running and walking birds 
resembling our present-day ostriches, nandus and cassowaries. 
For the greater part these were giant animats. The skcletofi 
of the elephani-bird (A^pyornis TfMxfmtH) from Madaga^r 
was 9 feet tall. This inability to fly seems to have had no 
adverse effect on the powers of survival oE these creatures, 
since their descendant? still exi5t today in the .■ame elimatic 
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Tcgions and have (mly t* iear extinction at the hands of man. 
But here, indeed, they have a bitter and merciless enemy^ 
for even in histiorijc liufieSj probably as late as the fourteenth 
century^ there lived in New Zealand the moa (/Jifiomij), a 
hugOj flightless bird that reached a height of g feet. To judge 
from liitcheri refuse—btoken skulls and bones—the Maoris, 
who settied id New Zealand, most have made short work af 
these birds. Their extennination Tvas rapid and compleiej for 
the first human settlers in the islands ate the eggs of the stirviv- 
Log moas and thus decimated their progeny. The same fatal 
ending befell the dodo, a bird about the siie oif a luriccy, also 
flighilesSj which inhabited the islands of Mauritius, Qourhon 

and Rodriguez. Sailors 
always need meat and 
eggs —- and thus the 
^te of the bird was 
sealed. 

To consider lor a 
moment the origin of 
9uch fantastic legen^ 
dary birds as the roc. 
etc,, one may reason¬ 
ably assume seafarers in 
tbe early Middle Ages 
must ha^'e encountered 
the elephant-bird of 
Madagascar Or even tbe 
moas of New Zealand. 
The Arabs in par¬ 
ticular were great ex¬ 
plorers, and it Was in 
one of their legends re¬ 
lated in the Thousand 
and One Nighis that 
the roC first appeared. 

Generally Speaking, 
circumstances were not 
particularly favourable 
41. The moa RWJfimKl), foT tbc fossilisation of 

extinct in historical times birds. The only cxcep- 
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EiAnj were provided bj" f^'iimp and ^qiiatLC bird*. Dead forest 
birds would almost inevitably be devouredi quickly by carriDn- 
citing beedcs, ants, etc. The holltw btuTfes, gnawed dcsin, 
usually decayed and ^Idom suTvived m sint into the pratcc- 
tioKi <A a prcservaitve soil where they could bcomc fosflised. 
N eviertheioss< discofvcTiei up to nosv have sulHiced to show chat, 
compared to mammals, picseiiE-day forms of bird life were 
earlier on the sccne and more fully represented. 

With the iitscots we are far better-—almost completely— 
informed. The w'ealth of amber, the fossil El Dorado of the 
Geisel valley, and mitnetous discoveries in other places have 
yielded, at least in Europe and North America, a rich variety 
of insects which is hardly exceeded by those known to cklsI 
today. The amadngly highly Oi^nised social insects—bees, 
jiEits and termites—now also inhabited the land. 

We left the amphibians at the point when the kingdom of 
the reptiles tame into its own and the large annour-headed 
Lab^-rinthodonts w^ere about to become extinct. Their 
departure was not, however, fatal to the amphibians, for the 
vitality of this whole class of animals has alivays remained, 
and still remains, undiminished. Todayj frogj, toads, salS' 
manders, newts, still liop, crawl, climb and creep, hav¬ 
ing developed into a wide and varied assortment of 
creatures, diurnal and nocturnal, inhabiting the most diverse 
territOTves. The Earth in the Tertiary swarmed with such 
CreaEnres, as well as giant Ic^iping ErogS and toads which hast 
long since died out. In this respect, tOQ. the Geisei valley has 
contributed its quota, for in addition to the four known sub¬ 
order? existing today, it has produced 14 other species. And 
the remains of more than ^do salamanders have also been 
found. 

The first discovery of a Tertiary amphibian belonging to 
the group of giant ^lamandcrs Came to light in iy:r$ and— 
just like AfojajaurEx.t—in rather humorous circumstances. In 
that year the successful Swiss coUccfor Scheuchjicr 
found in the \fiaccne limestone near the town of Constance 
a fossil which he described as the remains of an antediluvian 
man. In cointemporary verbiage he wrote: “This likeness, 
which is presented in an excellent wood-cut for the scrutiny 
of the learned and curious, is an undoubted and veritable 
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survival trom the Biblical 
Flood; tlicre are 10 be found 
not merely a few lincatricntH 
which suggeat to the fertile 
and Ingenious imaginationi 
resetnblaticc to Man, but an 
absolute ccnresponcicnce to 
the various parts oE the 
human bonc-stmccure^ the 
complete symmetry, indeed, 
of the bones embedded in 
the stone; even the softer 
parts, too, have survived in 
rtdfura. This Man, whose 
sepulchre exceeds In anti¬ 
quity and authenticity all 
those of the ancient Romans 
and Greelts, as well as of 
the Egj'piians or other 
Orientals, is seen from the 
frontal aspect/" 

4S. Srhcuchter"3'"antediluvian The worthy Scheuchier 

mart", a fossilised giant sala- was, of couTse, a firm be- 

liever in the Flood and 
probably took a naively sen¬ 
sational pleasuTO in being able to present to his contemporaries 
a fossil from the days of Noah. Nevertheless, he was a physician; 
and it is somewhat difficult to understand the (certainly un¬ 
conscious) mental blinkers he wore in his further detailed 
anatomical description of his discovery. Other anatomists ex¬ 
pressed their opinions, until at last—as so often—Cuvier (in 
iSi i) spoke the final word on this extraordinary object, which 
had meanwhile ended up at a Haarlem museum. He prepared 
it properly as a specimen and rccoE^'scd it indisputably as an 
extinct giant salamander. In spite of the comical uiis-diagnosis, 
the fossil bears, in honour of its discoverer, the name AndjiAS 
jcheucftMio. It was closely related to the present-day Japanese 
monster salamander. Since numerous similar finds have sub¬ 
sequently been made, there can be no doubt that in the 
Tertiary these amphibians enjoyed a new bey'-day, having. 
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in their ^tant form, iuffeted a ^vcic decline during the 
Triisfiic Period. It may also be assumed thatj overshadoiis'ed 
by the cc»mpetitian fnjin rcptLles during the ^fe 50 ^t^^c, they 
did not flourish as they might well luve dene if they had had 
the field to thcrnsclsics. In this connection, the rapid advance 
oE the birds in the McSOieic is noteworthy, Eor they, being able 
to Ely througb the atr alnwst free from danger, found condi- 
tiens for development far rnore Eavou table than those con¬ 
front ing the niantmals, rrho only started their effective evolu¬ 
tion after the total disappearance of the saurians. Then, how¬ 
ever, the habitable r^ons of the Earth bourne gloriously free 
of enemies and the highest class of vertebrates was; able at la$t 
to give full rein to its suppressed vitality. 


C II AFTER FIFTEEN 


Transformation of the Animal World 

T k £ periad that noiv cnsucd was one of urfmralJdcd dcvelop- 
ttieni and diversity in the animal wnrld— otj, if one must have 
a parallel it rati be compaixd t* the conquest of the Earth 
by the saurians. One catiiiet even that the parallel fails 
in regard to duiation and final extinclion, for w’c do not 
know how long the era of mantTnals will last, since the Go 
million years that we ran survey conie up to the present day 
and it is obviously impossible to calculate or even to guess 
how long it will continue into the future. But although we 
tannoc deAnltely predict the eventual cqctinction of the 
mammalSi, it la clear that mammal^ as the predominant form 
of life ik this worlds are definitely declining. This is a fact 
that can be supported by figures. In the Tertiaryj so far as 
we know, there existed a total of orders. With 2,864 gcncta 
and i5,rtno spcdcs. In the present day there are, by contrast, 
only 18 ordera, with i.qsJ genera and 6,000 species known. 
All the rest have already died oticf Admittedly, present-day 
orders include the few (6 Or y) mammalian orders which are 
believed lo have existed in the Mesozoic Era. But this docs 
not alter the total picture, which shows a definite, general 
decline in the world of mammals. 

The anatomical Tcvolution in the development of mammals 
lay primarily in the increasing differentiation and final per¬ 
fection nf their method of bringing young into the world. 
Tills development was in three stages. The first mammals 
were merely animals which laid eggs like reptiles^ and then, 
unlike reptiles, suckled the young after they were hatched- 
The classical example of this is the duck-billed platypus of 
Australia, which is a living survival of this transitional stage. 
In itsouttvatd appearance alone, with its beak-iike snout and 
thick fur, it is a grotesque In the present-day animal world. 
Its suckling ability has not developed luio the form of actual 
114 
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teats. The mElk is spuTted at its young through aieve-like areas 
in the akin. The platypuses arc known as MonotTOmita 
because the ducts leading front dte ovaries O'T testes, from the 
bladder and from the digestive tractr all open into a single 
cloaca or common outlet. Undnubtedly the platypuses ate 
related to the Multiiuberculata among the primal mammals 
which, in their later forms, died out in the beginning of the 
Tertiary. 

The next step upwards led to the marsupials. These are 
animals which nO longer lay eggSj but give birth to incom¬ 
pletely developed young and suckle them in a pouch until 



The dudr-billcd platypus 


they become independent. The best-known contemporary 
marsupials are the kan^roo, opossum, phalat^er and koala 
bear. They were fairly widespread as br back as the Cre- 
taceouSj and in the Cntrly Tertiary they were distributed over 
almost the whole of the Earth, But after that they became 
confined to the Australian archipelago and South America, 
as a result oE domination elsewhere by those mammals which 
achieved the third and highest step in embryonic evolution 
—the Placcntalia, to whom Man, in this particular sense, 
belongs. 

Among the Flacentalia the embryotj until actual birth, arc 
nourish^ from the mother's blood by a form of Dfimosis 
through the wall of the utcRis. 
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Otliei' i‘api<[ly ricvclyping ^inaCoinical Iciturea oE the 
iDanima]) vhic]i contributed k> their powers o£ !iurv'ival wci't: 
a grcM variclj^ oE Hxnh {ionnations; complete adapt It Eton of 
the foot tG every sphci'G of life untiJj in liie ose of monkeys 
and men, it became a jjrehcnsilc hand; and, most inipoiLiitt 
of all, Eho Lncireasjng cmpl^asis oci the brain in a corroapond- 
ingly expanding cranuEtn. Gioivth in pbyRical sire was also 
widespread. Whereas, in the jursiSSLC, the MullitnbcrculHata 



iH. Uitft/iiheriutti, an ainblypotl from the Middle Eocene of 
North America (aecordiiig to Scott) 


and Marisupialia were 5 ttU tiny animals, by the time of the 
Eocene tlicy appeared pi ol if tea Ely as quite .liaable creatures. 

Na til rally, the load oE general development ran, broadly 
speaking, from the simplest to higher and ftnally the 
highest types, in clironological sequence- In spite oE their 
immense variety o£ fornts. it is certain that all the higher 
inanimals (the f'lHrccjiialia) are descended from 4 common 
origin, the order of Inscttivora which number today such odd 
small representatives as the hedgehog, mole and shrew. From 
their ancestors spaang all living Forms that arc included among 
tlie Placental ia—^ven Man. 

The first great group which developed during the transi- 





23. LiJc-iiac i cprciduclioii Afu IjtoiUch.'hi r, 
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ciotv fi'om CvetactOLia tu Eotciie wa the CreodoiiLa, prifnltivc 
carnivores which have lon^; since died oul but from which 
arc descended all true pmesent'day carnivtures. At thii early 
stage the creodonts were equipped with few camivoriaiis 
teeth. Xheir inteliigeocc^ tiooj must have been far inferior to 
thnit of present-day cats and dogs: and tlreir avei'age size was 
quite srria]l, It was not until the £ooenc or Oli^oene {in 
Wyontiug aitd \fDngalia^ thnit ftill-$cale beasts appeared, 
when, for instance. Andr^iv^aTchus, a carnivore discovered in 
Mongol I probably reached u feet in length. 

The hist recognisable tingulates, the Condylarthra and the 
AenbEypoda^ were Lonteinparary with the flcsb-ca.t ing CTCO- 
donts. All of these early ungulates had very small brains; the 
Condylarihra were also small iit body, being no bigger than 
sheep. The amblypods, which had emerged in the Ijower 
Eocene and disappeared again in tlie Upper Koccnc, vcacmblod 
ill their early forms the hippopotamus. As in the rase of the 
latter, their tccih wc\2 so constructed liiai they served ouly 
for scvgiing, crushing and grinding their vegetable food, 
being entirely useless as\vca[iuns. In this case, as so frequently 
happened with other animal species, Lop-sided specialisation 
could ca.sily lead to early CKtinctLon. 

TJie Middle Eocene, tvhich now followed with iis "para- 
clisaT' annual mean tempeiature of C., was u period of 
exceptional fertility, and both the Middle and Upper Eocene 
brought forth bonic giant creatures of remarkable form. Xorth 
America and Xfongolia produced (/in fathcrium, an animal 
the size of a rhinoceros but resembling ati elephant, with a 
massive skull adorned with horn-like growtiis and pro|gctang 
incisor teeth. Another probable member of tlie ainblypods 
Was Ar^inolfitrium, from the Upper Eocene in Egypt, a beast 
^vith a lo-lcet-long elephant's b^y and a pair oE huge for¬ 
ward-projecting horns on the head. As Ear as is known neither 
the Condylarthra nor the Amblypodonta were ancestors oE the 
prcscnt-cUy ungulates; these latter must have descended 
from the eominoi'i stook wEiich also produced the evoodonts. 

The trend towards the conquest of the water—not their 
natural element—tvhich was so characteristic of the reptiles, 
also made .a very early appearance among the mammals. As 
discoveric-'i from the Middle EoCciSc in North America, Egypt 

K 
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and Wcii Africa ahow^ there were already at that period 
whalcsr^it would be more accurate to say, prrimitive whales 
^wbich must have evolved iji direct line of descent from the 
moiuLirous creodigntB. They were true caTnivcres with fang5> 
and in no way inferior to the horrific inosaaauia of ihe Cre¬ 
taceous. Since they reached lengths oJ from 40 to 60 feet 
{Zeuglodon and ^oiifosauruj), there can be little doubt that 



4(^1 Batiiosaurast a primicive whale from the Eocene in North 
Africa. The nitne is tnisloading, for this bsajt wm not a 
saurian hut, like present-day whales, a maciiirial 


they dominated those ocean hunting-grounds where once the 
mosasaur; had reigned- Not until very much later, perhaps 
in the Oligocene, did their descendants such as the right- 
whale, having lost their teetb, change over to a predominantly 
plankton diet, whereby they adapted themselvea to h form 
of food supply that was virtually incjchaustible and thus 
could continue to develop their own giant forms with 
impunity. Of this family, the blue whale has been known to 
reach a length of over 90 feet, thus being the largest recorded 
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animal, exceeding even [Jie giants amcng the dincwuis. In 
intelHgence they are among the clevereat of animals, probably 
the Kiual of dogs and maybe chimparizicei, so that they 
should normally be able to enjoy u nchilleiigieid mastery of the 
seas for an illimitable time to come. But they too have 
encountered a fearful enemy—Man, The sight of the float¬ 
ing factories of the present-day whaling fleeu. with their 
stiper-efliciertt modem weapdrts, will make it plain to anyone 
that ^otno sapiens is well on his Implacable way to the 
eventual extermination of these ocean mammals:. It will not 
take much longer. All the "close seasoni” and reitrictive 
regulations tsn no longer avert their extinction. The toothed 
whalos, too, which have predominantly taken ta feeding on 
hsh and cephalopod-s ^ did the iebthyosauts in the Upper 
Cretaceous, and therefore frequently have to dive mitch 
deeper, still must come to the surface In order to breathe, 
and there they ate caught. 

Among the later terrestrial ungulates In the Eocene there 
develop^ a division into two classes, the even^toed and the 
odd-toed, of which the odd-toed seems to bavc appeared some¬ 
what earlier. This diatinction, based on anatomical peculi¬ 
arities, needs a little explanation. Even-toed ungulates are 
animaU whose toes are always arranged in pair^^s toes or 
4; never 1 or The original ^-toed structure disappeared in 
all these animals due to the total atrophy of the fifth toe. 
Present-day animals belonging to the cven-toed class are the 
hippopotamus, camel, swine, all cattle, deer and the girafle. 
Among the odd-toed, living examples Include the tapir with 
4 Coes on its forefeet but only 3 on its hind ones, the ihlno 
ccro; with g toes on each foot and the horse with only single- 
toed hoofs. 

For an excellent picture of the evolutionary development 
of a group of mammals, an ideal subject is the horse—or, 
rather, the whole family Equidae, since the wild ass, the 
donkey and the 7ebru arc all descended from the same stock- 
In this instance, science has at its disposal fossil material so 
complete that it reveals, step by step, almost the whole pro¬ 
cess of development from primitive, eat-sised, fgur-toed little 
horses up to those of the present day. 

The evolution of tbe horse is characterised by three impor- 
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laciL featuresj A gindual increase in size, a reduction in ih,e 
number of toeSj and the tTunsEorinAtion o£ the teeth to cheir 
present-day long-crowned iorm. This prtKcss of development 
cati be seen at every intermediate and iransitiotial stage 
throughout the duiatLon of the Tertiary. The discovery of 
prehistoric horse-likc creatures completely conFlrtned Darwin's 
basic assuiifiptioiu; for here emerged a picture of the very 
gradual transfonnaticin of a speciesj by means of quite minor', 
hereditary changea (nrutations) and by natural selection, 


Arsinotherium tfOrtl the Upper Eocene in Egypt 

which finally arrived at a forocL best adapted to coping with 
its environment. 

Of recent years a biological theory tvas propounded which 
claimed that, instead of continuous development through 
oountlcss tiny mutations, there occurred instead sudden, 
violent rnutations which took place at epochal ttimlng points 
in the evolution of lEora and fauna and which radically and, 
so to speak, overnight created a new animal form, according 
to some higher scheme of evolution. And indeed the family 
tree of the horse in particular—though only in it* older form 
as Hacdtel knew it—seemed to have gaps demanding a very 
definite jump from one stage to another. However, modem 
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gCTicLicists have Itiicnv'it t]iRt the DiajoriEy dE muiRtionf 
in fact produce quite pointless changes in a species. Success¬ 
ful " huirs-eyes*^ linoin a biDingical point of view are very Tare. 
According to Darwin there is also die %'ital factor of selection, 
which plays its part in Weeding out the useless mutations and 
only permitting the survival of those equal to their environ- 



jy. P'amily tree of the Equidac (according to Siuipwn) 


ment. A jump-mutation of any considerable magnitude would 
mean that in the cvorutioirary process certain hidden forces 
were at wort which would inevitably and unfailingly produce 
improvements in the species' capacity for survival, i^ctica] 
science, howes'er, has no need for such esoteric forces, and 
finds the generally accepted principles entirely adequate, 
providing satisfactory estplanations for all phenomena in 
qucstiori. Thus the idea of a purposeful macro-evolution has 
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yielded gradually in Eavotir once inonc ol the older [heories 
of Darwin and Haectel. Nevertheless, a new lesson has been 
learned: that the straightforward course of evolutioUp hitherto 
accepted u a fact, is in reality something tar more compli¬ 
cated. The steady upward march of evolution is not just a 
rt^atter of developing along a single favoured line; instead, 
it tahes place along a large number ol parallel or diverging 
lines, all interconnected, but sonic of them sterile and doomed 
to extinction, reveal ing—if every deta il were luroivir—an 
extremely tangled complex of biological cKperimtiits. Just as 
present-iJUy atomic physicists in ascertaining natuml facts do 
not depend on the observation of single events within the 
electron envelopes of a group of atoms, but instead drarv their 
conclusions from the statistical average of an enormous 
number of such events which must yield an answer inevitably 
correct for the individual event, so the modem palaeontolo¬ 
gist must of necessity ignore the many thousands of inhnite 
gradations along the highway of evolutioir and conceniciite 
on tlie fossibmilestones which here and there provide sure 
markers at intervals throughout the millions of year^ of this 
process. We realise, indeed, that our tuowlcdgc of the almost 
complete ancestral tree of the Equidac presents a very rare 
exception, and it is therefore wortli following the course of 
some of the equine " milestones 
It is not definitely certain in which region, of the Earth the 
piimal, tiny horse first appeared. As E^fiippus it is known 
from the Lower Eocene in North America, and in the form of 
Hymeotherium from the same period in Europe, Soth 
resemble each other so strongly that they can be regarded as 
identicah Since the chance simuttaneous development, in two 
widely separated quarters of the Earth, of animals so com¬ 
pletely identical physically is most improbablcf and since— 
as is known today—North America was the cradle of all the 
Equidae, it is reasonable to assume that Eohippus migrated 
across the then existing land-bridge to Europe to give rise to 
colonies of animals now known as Hyracotfirrinm. These little 
primitive horses were still raiher clumsyi timid forest-dwellers 
about the size of a tcrricT, There was as yet no suggestion ol 
our present-day graceful, muscular race-horse. Nevertheless 
these animals migrated across a quarter of the worlds a fact 
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by no means scartling provided It in bame in mind that tbtre 
Tvas no question of a sudden, spontaneous depanuTc or of 
regular, continuous daily trcltt; for what took place was simply 
a gradual dispersion throughout which—and this must be 
remeutberfld“iime played no relevant pan. Even though the 
road from ATncrica to Europe may have taken 50,000 years, 
that was still a rapid inigration. It was not just a single 
generation that migrated, but the eountless descendants of a 
whole raoe. 

The Gcisel valley has also yielded up a superb specimen cf 
a complete primitive horse from the Middle EtKcnc, than 
which no liner example could be desired. This miniature 
jungle horse, from the Eocene brown-coal forests, had already 
attained a length of about inches. As Is evident from the 
increased size of this Geisel valley hoirae, the dcsceridants of 
Eohippus in Europe developed into a variety of forms. At 
least SLK of these arc known from the Middle Eocene. One of 
them iraa PalaeOlheriujftf from whosc jfragmentary foSiil 
rcmaiias in the gypaum of Montmartre Cuvier made such 
a masterly reconstnicLtoUr 

All these primitive European hordes died out in the Middle 
Oligocene, It was only several million years later, in the 
Mi^lc Miocene, that once again new and more highly 
developed types emerged, Sin« the evolution of the Equidae 
in Europe had so evidently come to an abrupt end, a further 
wave of migration from North America must be assumed. 
World-wide migrations are known to have occuircd exten¬ 
sively during the Tertiary Period, the horse, in particular, 
becoming more and more mobile. For example, during the 
Miocene and Pliocene Hippariim spread in vast herds over 
Asia and Europe. The fact that South America was entirely 
devoid of horses until well into the Upper Pliocene is due to 
the subsidence of the land-bridge between the two Amertcan 
continents. Evidently South America was ill^uited to these 
belated equine immigrants, for they survived only a short 
time, and when America was discovered they were as unknown 
in the southern continent as they were in North America, 
their original biith-plact. 

Although North America must be regarded as the birth* 
place of the Equidae (numerous finds in Nebraska and South 
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Dakota and elsewhere) and ihe chief centre of their evolution, 
ivhence they spread continuously into almost every quarter of 
the worlch the history of these odd^toed ululates was not 
without its crises. For iostanccj at the period of transition 
from the Oligoccne to the Miocene there is a quite evident 
regression of the hitherto dominant types, iVfioht^puj and 
Parahipptu, These two {and otheFS, tucli as Mesohippus) had 
already become ayile Inhabitanti of steppes and savannahs, 
since the evolutionary path of all Equidae led from the 
foliage-eaters of the forest to the dwellers in open country 
who grazed on coarse herbage and rich meadow-grass. This 
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emancipation from the shelter of the Eocene j uiigle is reflected 
in a gradual change in their teeth, and also in their feet, 
which eventually developed into the single-toed hoof of 
present-day horses, so eminently suited to fast nmning in open 
country. Abel has pointed out that contemporaneously with 
Miohippui and Farahipptti there also appeared the notorious 
tsetse fly which, today, being a carrier of trypanosome diseases. 
Causes such tremeodous havoc among domestic animals in 
certain parts oE Africa. It must be borne in mind that, with 
the appearance of warm-blooded creatures, the bacterial and 
protOtoic parasites found fresh feeding-grOundSj and conse¬ 
quently there must have been the possibility, even at that 
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time, of large-scale epidemics which may have killed off the 
mammals wholesale. Only the gradually increasing defence 
of natural immunity in surviving individuals, combined with 
an ultimate weakening of the trypanosome stock, or lucky 
migrations of the mammals concerned into non-infested terri¬ 
tories could have defeated this menace. However, the primi¬ 
tive horses successfully survived whatever crises there may 
have been, as is clearly evident from their widespread and 
prolific development during the Miocene when two invasion 
waves swept into the Old World (Europe and Asia): Anchi- 
therium during the Lower Miocene, and Hypohippus between 
the Miocene and the Pliocene. Both forms became extinct 
without evolving further. But North America was inexhaust¬ 
ible. In the Pliocene there appeared the type known as 
Hipparion, of which it has been said that it literally swarmed 
all over Asia and Europe. But in spite of this fertility, Hip¬ 
parion also proved to be merely another dead-end. lu lebra- 
like appearance led, for a long time, to the assumption that 
it was the ancestor of our present-day zebras. But that is prob¬ 
ably not so, for Hipparion was always three-toed. Then, almost 
at the same time as Hipparion, there appeared in North 
America the one-toed ungulate, PUohippiu, which must be 
regarded as the ancestor of all the present-day Equidac. 
PUohippus also migrated to South America. (Of all the quar¬ 
ters of the world, only Australia is totally devoid of any 
equine remains, in consequence of its complete geographical 
isolation throughout the whole of the Tertiary.) Gradually, 
during the Ice Age, all American forms of the horse died out. 
Then the Spaniards of Columbus’s day reintroduced these 
animals into the country of their own origin, to the com¬ 
plete astonishment of the natives, who had never seen them 
before. 

Nowadays, horses, in man’s estimation, are among the 
finest and noblest of creatures, and even their tiniest proto- 
forms would ceruinly be regarded as "delightful”. But the 
grotesque and repulsive appearance of the dinosaurs in the 
Mesozoic animal world had not altogether disappeared with 
the extinction of these creatures in the Tertiary, as is 
evidenced by the predatory teeth of the hideous amblypods, 
the primeval whales—and, strangely enough, by a particular 
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group of ungulates from ^ North America—the 

Titanothcria. These, too^ originated in the Eocene, but at 
first were only about as large m sheep: then they increased 
to the size of rhinoccrosK and finally to that of elephatiLs. In 
the Middle Oligocene they died out completely. Their proto¬ 
type is 5ron(DtAerttiPl, 

The Brentotheria were powerful, clumsy animals, some* 
what larger than a rhlnoccroa.. Their sVull was unusually 
broad, constructed of extremely thich, durable bone. The 
brain was still very small, and their power of sight—as in the 
present-day rhinooeroacs^not very well developed. Powerful 
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foiled bony projections from the muzzle must have given 
these animals a stupid, unwieldy appearance. Of aimilar 
structure and resembling Jronff/hffrfum were other iLtano* 
iheres, such ai Brontopi, Xfiphclonus and Mfgac^r&pi. 5 ron* 
tops grew to a height of over 7 feet at the shoulder. Its 
native lerrltoty was chiefly North America; but remains dis¬ 
covered in Mongolia prove that migrations in this direction, 
too, must have occurred. The comparatively abrupt demise 
of the whole of the litanothcrcs—not unlil^e that of the Cre¬ 
taceous sauriam in its sudden completeness—again led Abel 
to look for a trypanosome epidenkic as the cause; for during 
the Oligocene the relative of the tsetsc-lly, oligo^ 
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cenica, appeared and could have been the carrier of any form 
of plague. All circumstances considered, this is probably the 
most likely explanation. 

The greatest of all knoi^Ti land mammals, however, finally 
appeared in the shape of the odd-toed rhinoceroses. The name 
rhinoceros—nosc-hom—was taken from the present-day forms 
we know. But in the Tertiary there were several memben of 
this family without any nose-horns. The mighty Baluchi- 
therium was such an animal. Specimens so far discovered 



50. Brontotherium from the Oligoccne of South Dakou 

have all been confined to Asia. (The first was found in 
Baluchistan: hence the name.) An Oligocene skull found in 
Mongolia in tgsa was of such a gigantic size that anatomical 
reconstruction resulted in an animal standing nearly 18 feet 
at the shoulder on very stout legs indeed. This Mongolian 
giant must have been, therefore, the greatest land mammal 
in the history of the Earth. 

On the whole, the rhinoceroses (with or without horns) 
have survived successfully over the long period from the 
Eocene to the present time. Even if—like very many other 
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mamma ls“thcir evolution had reached its dima^ long ago^ 
their power? of survive were atiil strong. Indeed, by develop¬ 
ing thick, shaggy coats they cnajiaged to cope with the subse^ 
qttent Ice Ages. After that, however, the battle for survivaJ 
turned against them. This change in the tide was started by 
the Ice Age men, who fotitid a favourite object of the chase 
in the woolly rhinoeeioSj as is evidenced in numerous cave- 
diawings- Vet the senseless mass slaughter of animals^ loading 


to taped extinction, remains a prerogative of qarttemporuryj 
civilised man. 

Rhinoceroses, for example, are represented as vicious and 
treacherous^ though every roologist knows that they are 
neither. They are merely timid, and consequently attack 
blindly when they feel themselves chreatenedr By this 
instinctual behaviour they have managed lo survive on the 
Earth for a longer time than mankind has existed. But now 
their da^'s are numbered- 

While the few remaining rhinoceroses survive today only 


BaliiChUftenum, largest oE all land mainiuaU 
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in AWca and South-E^sE Asia, in the Tertiary they weie far 
more ividespread. With the ejtccptton of Australia in its 
isotatLon, acid Sooth America which, in the OMgocenej was 
equally isolated front North America, they roamed over the 
whole Earth. 

Equally widely dispersed were the tapirs, who evolved 
almost simultaneously with the ihinoceiosn- Their physical 
development was less striking; for apart from variations in 
size, their form in the Miocene was much as we know it 
today, in both the New and Old Worlds, 

In contrast to the odd-toed ungulates which culminated in 
in the Iioiae, the vertebrate order of the even-toed ungulates 
evolved, from the Eocene onwards, into a retnarkable variety 
of widely differing forms, resulting in a multiplicity of present' 
day Species. These include the camel, swim:;, hippopotamus, 
and all the ruminants, comprising cattle, giraffe, deer, prong- 
homed antelope and other animals. Cainols put in an appeal^ 
ance frcun the Upper Eocene onwards and sverc at fii^t coo' 
lined exclusively to North America, one place where they 
no longer exist. The development of their hoofs and teeth, as 
well as their increase in size, closely parallels the history of 
the horse- The original little creature {Ptotyiopu^) was no 
larger than a hare; its descendants gretv during the Oligoccnc 
to be aA big as deer, then, by the Pliocene, they became the 
size of camels today- It was at this period that they started 
migrating, tlie drchmcdaries to Asia over the bridge across 
the Ecring Straits, and the llamas via the Panama isthmus to 
South America- The present-day forms have been found as 
fossils in North America. Like the horse, the camel survived 
the Ice Age in the land of its birth, and then died out there 
completely. In their new homes they have not yet lived long 
enough to evolve into different species. 

Ill the great deer ^mily the most striking feature has 
always been their horn formation. Today the variety of horns 
■s eriormous. Countless shapes and sizes adorn stags, elks, rein¬ 
deer and many others. There arc also hornless types, such as 
the musk-deer and Waccr-dccr- At first, their primilivc forms 
in the Upper Eocene and Oligocene (for eKample, Amphi- 
feraguluj) were, without eKception, hornless. Only later, after 
frequent mod Locations, did there appear the horns and antlers 
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which wt kiiAW and 
idmir? today. Their 
dimaK was reached by 
the giant Irish elltf 
whoisc intJers, with a 
spread oi over lo feet 
have been found in, 
among other placet, 
the mar]: and peats 
oE Irclandr Such dis¬ 
coveries indicate that 
these beasts survived 
the Ice Age and only 
died out in historical 
times. 

A patticuliTly inter¬ 
esting group oE extinct 
even-toed ungulates 
arc the anthracotheres. 
Literally translated this 
means, roughly^ "coal 
animalsIn fact, they 
had nothing at ail to do 
with coal, but were 
typical Bwamp-dwellers 
who were merely dis¬ 
covered in the brown- 
coal region—which is 
why they got their 
name. Many were as large as rliinoccroscs^ but looked 
rather like pigs- They flourished chiefly during the Middle 
Oligocene in Central Zurope. Remains fratn the later Miocene 
have been discovered only in the East Indies, It is possible 
that from oltshooLS of this family there descended our 
present-day swine, as well as the externally quite dissimiiar 
hippopotamuses—the pigs fim appearing in the Oligocene 
and the hippopotamuses considerably later. The Tertiary 
Siwalik strata in the East Indies, which arc very rich sources 
of this fauna, have yielded the oldest hippopotamus from the 
Middle Pliocene, Whereas hippopotamuses never got beyond 


5 *. jHHCAriitlui aiiliit 3 giraffe from 
the Colorado Miocene (according to 
Scott) 
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Europe 3nd Africa^ the extremely prolitic pi^ also 
invaded Acnerica^ where they attained the size of cattle. When 
one thinks of the fury of a tuslted wild Njut, those giants must 
have befln realty fierce flghteTS- Distinct from them are the 
peccaries^ a spectes of pig peculiar to North America. 

Typical Old World animala—[hat iSj those not originating 
in North America where so many animals were evolved—seem 


jVfAgacreror smycirony a giant Etag Irom the PlcEstacene 


to be the giraffes. Their home was probably Soutliern Asia^ 
whence they migrated to Miocene China and Southern 
Europe. Not until late iu the Pliucenc did they mOvc into 
Africa. One of their earliest forms must have been SivOr 
ihenum^ an immense animal with a sJ;ull eighteen inches 
broad and bony projections and antlers on the hcad- 

With the exception of the Baluchitheria^ which were rela¬ 
tives of the rhinc>cetci&es. all the largest Tertiary land mam¬ 
mals belonged to tlie FrotriMcidea, e.g. elephantAype. Apart 
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ifroni the early Eocene fomu^ the various fsnniliea all bore a 
clo« resemblance to one another, crunkg and tusks being 
their particular charaettristici. Their home ground appears 
to have been North Africa, if one can judge from the dis^ 
coveriti of a primitive beast named Moenffteritim, This 
creature itfas discovered in the Eocene layers of an ancient 
sea in the Egyptian oasis of Fayum. It v,'as still a tiny animal, 
no mote than three feet tall. v?lth a full set of teeth in the 
upper jaw. As yet, it had no rusks. Even the trunk was a mere 
sriggcstion and gave it a tapitdike appearance. Probably these 
creatures lived sluggishly In ttie swampy lowlands of early 
Egypt and never left North Africa. The urge to migrate must 
have seized later forms which then, in the Oligocene, moved 
out into Europe and Asia. Whether jWoenifteriwm can really 
be regarded as the ancestor of die deLnotlieiia, mastodonts 
and elephants, has been body and frequently disputed, by 
Abel amongst oihem. If not, there must have been other early 
forms, having a close evolutionary relationship to the Moeri- 
theriuin, about which wc have hitherto no tno^vlcdge. It 
certainly fieemj that North Africa, and particularly Lower 
Egypt, was the cradle o£ all Proboseldei, since in the Lower 
Oligocene—that is, very far bach in time—there have been 
discovered remains of primeval mastodons {Paiaeomastodon, 
Phiomia) which were already true proboscideans and achieved 
a wide geographical distribution as a family. During the 
hfioceoc they wandered from Africa throughout Europe and 
Asia, and In the Pliocene finally crossed the Ecrlng Straits 
bridge to America, where they started to flouriah ejctcnsively. 
They must have been extremely numerous and lived in great 
herds for even though their various stages of evolution up to 
their final forms—the changes in jaws, teeth, trunk, tusks, 
size—have been deduced cliiedy from European dLscoveries, 
the wealth of mastodon fossils In North America is just as 
important as the Ichthyosaur treasure in the European Jura. 
It svas in America, too, that these cumbrous ancestors of the 
true elephants survived the longest. Whereas in the Old 
World they died out before the Ice Age, it has been proved 
that in America they were hunted by Indians in historical, 
proColumbian times. They must also have moved as fer 
south as Ecuador, as finds in and itjsS have proved. 
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Discoveries ol coeval pottery ftagmeniSK tj/pical relics of 
humaiv cuLturCh are an Irrefutable piTDoE that man and masto^ 
don came face to lace. While fossil mastodons have been 
known to science for over 150 years> a particular deviation 
of their genus has been discovered only quite recently {from 
Onwards). The animals in question, Fhiybeludan and 
TorynobiUdorif were found in the Upper Pliocene Oii Mon¬ 
golia and the Kuban region of Southern Russia and in the Plio- 


54. Syndyocerci cooAit, a stag from the Lower Miocene tn 
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cene of Nebraska. Among all the types known hitherto, trunks 
and tusks had developed steadily, through many tTansitional 
stages, towards the elephant-stage, Rut in these " newcomers ” 
a trunk-like appendage was combined with the tusks of the 
lower jaw to form a broad, curved, shovehshaped snout, 
15 inches wide and over 4^ feet long, which, together with 
the downivard-pointing lateral upper tusks, muse have given 
the brutes a grotesque appearance. These were plainly cases 
of entirely un-elephant-like aberrations; specialised forms 
which had developed in response to particular feeding coudi- 
tions which have not yet Ijeen wholly cxplvncd. 
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From the mastodons descended the elephants, who ftru 
appeared on the scene about 7 million years ago^ during the 
Pliocene. They developed zy species in all, of Tvhkh 3 SUT' 
vive today. More will be said later about their weM-known 
Ice Age relative, the mammoth. 

A closely related offshoot from the mastodon-elephant line 
was OrinothtTiumj, the "terxihlc beast". This sobriquet, 
which suggests an object of frightful appearance, Tvas scarcely 


Plaiybelodiin horn the Asiatic Pliocene 


deserved by these herbivorous aifiirrials. They were (hr from 
terrible co look at. In fact, they closely Tesembled elephant®, 
but they certainly gficvf to a gigantic site during the Pliocene. 
Fossil remains discovered in Roumania in 1890 revealed an 
animal which stood 1^ feet high at the shoulder, not vicry 
much smaller than the record-holder, Baitichitfunum of 
hfongolk. Whereas the tusks of elephants and mastodons 
are elongated upper incisor teeth (some species of Afastod™ 
also had small tusks in the lower jaw, making four in all), 
the Delnotheria developed powerful fangs in the lower jaw 
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onlyr the extremity qF the turned dfimi at almost 
a right ^jtgle^ the sliglitly CLiiTved tuski consequently pointed 
directly towards the ground, which must have presented an 
unusual sight, to say the least. In contraat tn their other rela- 
tives among the Praboscidca^ the dcinotheres were not par¬ 
ticularly migtatory, which again is difficult to explain. The 
first types are knotvn from the Lower Miocene in Europe. 
Later they appeared in East Africa and the East Indies. Btit 



MmituSofi {Tritophcilon engUjtMeiir) tram the European 
Miocene 


they never found their way to North America, as the tnasto- 
dons certainly did- In the Pliocene they reached their climax, 
though a lew survived in. Africa until the Pleistocene. 

In connection with the Delnotheria there was, also, an 
amusing incident. As early as 1613 a doctor in Southern 
France dug up several bones and teeth o£ these monsters and 
calmly asserted that they were the remains of the Germanic 
king, Teutobod, who was defeated and killed at the battle 
of Aquae Sextiae by the Romans under Marius in los e.c. 
The doctor travelled the bones from town to town and 
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cKhibiMd iheui ior mcnTiey 4 For i while he apparently did 
very well out of ic. But be eventiialLy succeeded in setting the 
learned world of Paris^ who were not inclined to accept bis 
"Ttuiohod''^ in an uproar. Unfortunately, as a result, bis 
discovery was entirely discredited, and it was even considered 
that the objects were not bones but "freaks of Nature". So 
not until Cuvier's day was justice donej when the great man 
himself identified the animal, from its teetb, a^ being an 
extinct giant tapir. That was no small acoompllsbment, even 
though, for once, it was not quite accurate. 

The early history of the carnivores is not so precisely known 
as that dI certain other orders, Here there is a lacuna in the 
treasury o£ iossils which has still to be filled in. Obviously, 
their chances of preservation were not as favourable as those 
ol the herbivores, ^vho were generally larger andj moreover, 
far more numerous. Extensive herds o£ elephants, bocset, 
gazelles and buSaJo liad always been the rule. Herds of lions, 
tigers Or bears never existed. In contrast to the gregarious 
animals, the carnivorous mammals mostly lead an unsocial 
life, their largest group being the family, (Even rovLng woff- 
paeks can hardly be rc^rded as herds.) 

All the known species of carnivores are descended from the 
Creodonta, the primal carnivores of the earliest Tertiary 
times. One of the first divergent lines to develop from the 
parent stock dates as far back as the Eocene: Lc is the largest 
carnivore found so ^r, measuring 14 f^t in length and 6 
feet in height, and having a skull ^ feet Jong. It was dis¬ 
covered in. hlongolia by the eminent American palaeontolo' 
gist, R. C. Andrews, leader of an expedition for the Now York 
MuKcum of Natural History, and was named .d n drervsiarcbuf 
mangohcAju In his honour. In the Oligocene the distinction 
between felines and canines became quite clear, their diff^ 
erent bodily structures determining their diHeTent methods 
of hunting. The canine species developed a very delicate 
sense of smell and an exceptional turn of speed, ivith great 
powers of endurance, their claws being oE little use as weapons. 
The felines became extremely sbarp^ighted, were equipped 
with powerful claws, crept up on or Lurked in wait for their 
prey, and were capable of sudden, violent exerEion, but 
lacked stamina. The Eieats are descended fiorn ancestors 
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closely allied to the caninea. From the Central Eijrop»i!i 
Miocene there comes an animal known as Amphicyont with 
teeth somethirg iKtwceo those of a woli and a wild dpgi 
which attained the size oF a bear and might provide the com- 
mon link. The true beaira, which appeared later^ were still 



gt|ffliiteui«. from the European Lower 
f litKene (niccording to Abel) 


smaQ animals; only during the Ice Age did they grow to an 
OKCcptional size in the form of car'e beare. 

The feline line achieved its largest form in a no longer 
extant offshoot, the celebrated sabre-tooth tiger*. In North 
America their origins can be traced hack to the Tertiary. In 
Europe and Asia they reached their fullest development in 




AiiO THEN HAtf 

the genus Maeiiaerodus; in Northi America, principally, with 
Smilodon. During the Pliocene they also spread over South 
America, Thus they followed the normal migiaticjn route 
lalten in so many ca^es by their prey. 

As on several simitar occasions in Earth's history, there 
e:<isted during the Tertiary one particular death-trap for 
animals, which has yielded an immensely rich treasure to the 
palaeontologist- This was the famous Californian asphalt 
swamp at Rancho La Brea, which is now within the city limits 
of Los Angeles, During the Pliocene and Pleistocene it must 
have been covered with a sheet of water which attracted 
countless thirsty animals. Most of them did not stop and 
drink at the edge; instead they went right in and were caught 
by the tenacious, sticky, porridgC-likc asphalt bed and sank 
to inevitable death. Whole herds of bison, elephants, master 
dons, horses, camels and deer have been dug out; not to 
mention tapirs, wolves, rodents, birds of prey and, above all, 
g,ooo sabre-iDOih tigers. This mixture O'f carnivorous and 
herbivorous animals suggests that the predatory ones could 
not resist the sight oE helpless prey sitting there sinking into 
the mud, and therefore jumped to their own death after them. 

The sabre-tooth tiger was a little Jaeger than our present- 
day lions, but in their powerful, downward-projecting upper 
canine teeth they possessed fearsornc weapons by means oE 
which they could probably inflict deadly wound.? at their 
very first attack on even the largest victims. 

Generally speaking, the carnivorous mammals have sur¬ 
vived very well. They have far more families and species 
living totlay than have the ungulates. Their powers oE selE- 
defence, their toughness and intelligence, together with an 
almost ubit^uiEous, inexhaustible supply of prey for food, 
enabled them to spread over the whole world and multiply 
without hindrance. Only Australia in its geographical i^Oila- 
tion is devoid of taruivotes. (The dingo is a dog that was 
introduced by man and then ran w'lld,) 

A certain obscurity surrounds the origin and evolution oE 
the seals, who are also carnivorous mammal?. It is known 
that seal? of a kind existed in the Eocene, whilst walruses arc 
known in Europe atitl North America from the Miocene 
onwards. But now these ftouirishing marine creatures ai^ 
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thrcaicncd with eKtinciion. They haAT the misfortune to 
yield fur (in the case o! the scals)r leathern meat, blubber and 
traiii'OLli and are lacrcUcsAly hunted and decimated tor these 
producti. Nfany specie^ Jiave been already destroyed in our 
day, and others are cm tite verige of ejttinction. 

Undoubtedly otie of the most stiikirig characteristics of 
matntnalian life during the Tertiary were the migrations of 
^una from one part of the world to another. This process can 
almost he described in terms of modem economics. F^or 
example,, North America produced and exported horses and 
camelsj North Africa produced mastodons and despatched 
them to Asia and North America. The prc-rcquLsLte for this 
traffic was, naturally, a solid land connection to enable such 
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migrations to take place- For chat reason Australia—googiapht- 
cally Isolated ainoc the Cretaceous—has remained to a great 
extent unaffected by the stormy course of mammalian evolu¬ 
tion and is inhabited to this day by a very ancient primeval 
fauna wliose development has been largely arrested; only 
animats already evolving on the old Gondwana continent, 
principally the rnarsupsals, exploited their full potential in a 
rich variety of evolutionary forms. This conservative state of 
affairs may have been greatly contribojtcd to by the unchang¬ 
ing nature of the Amtralian landscape and the absence of 
tectonic disturbance throughout the whole of the Tertiary. 
So this remnant of primeval Cotidwana may still today 
resemble its appearance some 6o million years ago. The 
stimulating effects of changes in dimaie and flora of the 
northern continents were here almost wholly absent- 
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In South Anicrjc^ thi^ situation wu remailubly paralleled, 
this area of the Earth's surface having also been isolated 
froin an early period {in this case the Lawer Eocene) by the 
disruption of the Manama land-bridger Up to the Eocene the 
principal forms of mammals avhich had noigrated into South 
America were the priinitivcarid as yet unspecialised ungulates; 
no caniii’ories had gained entrance. And such the posttion 
remained for perhaps 100^000,000 years until the land-con^ 
nectinn with North America wm restored in the Pleistocene. 
From these early immigrant ungulate forms there subse¬ 
quently developed an entirely distinctive fauna t^hicli i-S not 
found anywhere in the rest aE the world. South America thus 
became a unique example of how groups of animals can 
evolve quite difierently in diGEerent environments even thoiugh 
descended from a commijii ancestry; indeed South America 
became an isolated arid independent region, inhabited by a 
flora and fauna dating from the earliest Tertiary tirnes- 
[Because of the physical inaccessibility of the South Ameti- 
cati forest and mountain regions, it is understandable that the 
Argentine pampas and parts of Patagonia were the Rrsc to be 
thoroughly explored from the palaeontological point of view; 
but here there are> in certain Tertiary beds, rich fossil 
deposits which give an cKcellcnt picture of cbe prehistoric 
fauna, although the evolutionary Bcqucnce of events is still 
very much a closed book.) 

For initance, the Eocene and Miocene strata yielded the 
ungulate I^otohipput, which not only physically resembled 
the horse but also was oOc-toed just like the true horses which 
appeared in North .America very much later; yet this animal 
had in fact no connectLon at all with the horse famLIy-ticCi 
representing instead a particular type of ungulate which 
existed only in South America, Another, siruilar case is 
PyrolfteriurUj equipped with bachward-pointing tuslts and 
a short inioh. But there was no connection with the Pro- 
boscidea, nor was the animal related to the dirtothcreSr .Again 
the toxodonts, of which Trigodon actuaLy bore a horn, were 
beasts resembling and larger than the rhinoceros but not 
connected in any way with the latter. 

With the exception of Tfigfldon, there were very few horns 
or tuslt-s among all these South American ungulates. It has 
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bcfii surely correctly—that this must have been 

due to the complete absence of camkvwrei and, consequently, 
lack of any need for such means of defence. The few carni¬ 
vorous marsupials which were already indigenous among the 
hiesoroic fauna played no role as prcdaioia even remotely 
resembling that of the carnivores in other parti of the world. 
Even the tooth-fomiatioiis of various species, in spile of 
similar feeding habits, dci'Clopcd diRcrcntly in ^uth 
America. Very remarkable is the tendency towards the evo¬ 
lution of llama -1 ike forms {Afflcrflucftettia), a characteristic of 
this continent's fauna. But it should be noted that this is 
merely a matter of outivard resemblaoce, for the llama, so 
closely related to the camel, migrated to South America only 
at the end of the Pliocene, 

Characteristic present-day eitamplcs of the distinctive South 
American Eaum are the sloths, armadillos and ant-eaters 
which occur in this subcontinent only,, and nowhere else in 
the World. Very well tnowrij md also known for a very long 
time, are the giant sloths of the Ice Age. The first skeleton 
was discovered In 1789, in pampas loess near Buenos Aires. 
From Cuvier it received its name of Afcgatftfritfin affleri- 
canuBi. These creatures were larger than elephants, being 
more than feet in OiVCibII length. Remains were also found 
subsequently in North Americaj whither they must have 
migrated. Another related animal, Mylodon, did not attain 
the sIk of these htige monsters, who probably crawled along 
ponderously on the outer edges of their feet. Although the 
name "giant sloth" has became attached to them, from the 
evolutionary aspect they are more closely connected with the 
ant-eaters than with the true sloths who seem to have 
appeared very late in the history of the world. The Mega- 
tlieria must also have been herbivores, for they lacked the 
extended trunk-like snout and the very long, extensile, sticky 
tongue with which Nature had endo^ved all true ant-eaters 
to enable them to get at their natural food. 

No less distinctive and strange among the ^una of this 
region of the world were the glyptodonts, the giant amia' 
dtUos. They were clearly related to the true armadillos,^ but 
the armOUT of their ancestors had become grossly exaggerated, 
giving a ourio'us superficial resemblance to the armoured 
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diiuMayri oJ itie lato Cretaceous. Whereas the armadiMoa ate 
protected by a uutnber of tnavable, bony, transverse bands, the 
gtyptodont developed a high^ humped shell into which—lihe 
the tortoise—the head could he withdrawn in the event of 
danger. In certain types the tail was equipped with spines, 
and others carried at the end of the tail a defensive—and 
donbtlcs aggressive—weapon that resembled a medieval 
jTiacc. Since these animals grew to a length of over n feet, 
they must have been ejciremely formidable. They, too, 
migrated to North America over the Panama land-bridge 
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at the end of the Pliocene, but did not reach as far north as 
the Megatheria. 

Nature's one attempt to malcc mammals at home in the 
air, as well m in the other elements, succeeded with the bats. 
There is something unique about these odd, gregarious, twi¬ 
light and night Elien. They were already fully evolved as bar 
back aa the Eocene, and thus have Nourished undisturbed for 
about 50 miElion years and are now spread all over the world 
in about t,ooo different species. While in the case of canines 
smell became the most important schk organ, and with cats 
sight, hats developed an eKtremely delicate sense of hearing. 
Here—as with the previously mentioned armoured fish with 
electric organs—Nature anticipated man in the invention of 
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i rada.r'hke ultrasonic echo devict. Bati OTLentatc chemielves 
by emi tcing high-finequMicy sound waveij inaudible w humins. 
which arc reRectied back from solid objects atid art picked up 
by their large ears. Thus they can avoid obstructions in flight. 
Since they arc prcdominatitly caters of Insects and fruitj food 
has altvays been plentiful for them. The specialised blood¬ 
sucking types—vampii'es“have also never lacked for nourish¬ 
ment The bats' habit of hiding during daylight enables them 
to escape enemies, and so, obviously, these animals are one 
of Nature's more successful and enduring product^ 

The rodents—the largest order of all land mammals— 
developed quietly and unsengationally during the Tertiary, 
They, too, began their eHistcncc at the very start of the 
Tertiary, whh their typtical feature, the pronouriced incisor 
teeth which were so vital to them; and in the course of time 
they evolved into countless new forms. One of their most 
striking characteristics is the lack of any increase in size. 
Mice* hedgehogs, guinea-pigs, squirrels, etc., are all small 
animals and have remained so since ilieSr inception. Of all 
the 3,Dao living types, the largest among them, the South 
American water-pig, grows to little more than 3 feet in length. 
Only the csubeiani South American animal world seems, in 
the Miocene, to have produced gigantie animals from the 
family of the present-day mouse-hare. And bear-sizicd beavets 
existed in the Pliocene. 

So far we have had to content ourselves with imaginative 
reconstruction!; of the physical forms of primeval animals, 
their habits, origins, and relationshipa. Little has been said 
about their intelligence. 

Only the tiny brain pans of, fur example, the dinosaurs 
offered slight and not very encouragi^ hopes for the mental 
future of living creatures. Of course, it would he wrong, look¬ 
ing back from our present intellectual eminence, to be 
didactic on the subject. Up to the end of the Cretaceous, 
Nature managed with beings which led a predominantly 
vegetative existence. Tor them, ImEinct and unconscious reflex 
reactions to the world around sufficed for survival in an 
enviiontneut in which every Other Uvirrg creature survived 
in the same ivay. The new " weapon ” of survival, in its higher 
form which we call intelligence, first appeared in the Tertiary, 
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Unfortunatfily Ch«rc is not suficICiiE material Vo enable us 
to trace the cerebral dcvdopineut oE auimaU in the way we 
can follow Eheir physical evolution. Failmg^ actual observa¬ 
tion^ it is impossible to make any assertions^ however general, 
about the degree of intelligence of fossil-animals, known only 
as fossils. Only the skul] capacity^and chat 15 not always 
known—^n offer even the vaguesit indicatioifi. So wc arc 
dependent upon concemporary forms of life for our know¬ 
ledge of animal psychology. And we know little enough oE 
that^ opinions about animal intcUigcncc differing as widely 
as they do. Earnest efforts are still being made to ascribe 
every possible action connected with feeding or reproduction 
to chat magic word " instinct ”, This is certainly correct to a 
very large extent, but in the case of the higher animals there 
is somewhere a point where Intelligence takes over and lays 
down deliberate plans of action which arc not wholly 
instinctive. This elaboration of the intelligence must have 
progressed in all the main groups during the Tertiary, thus 
leading to the more mentally advanced present-day species. 
Obviously, the primitive can scarcely be considered 

to have had the same degree intelligence as its present-day 
descendant, the horse. TTtc early Proboscidca were certainly 
mentally far inferior to the amazingly gifted elephants. The 
domestic hound and our hearthside cats must be enormously 
in advance of their ancestors in the Tertiary, So here we have 
a definite up^vard trend, the significauce of which must not be 
overlooked. Perhaps the examples mentioned may be absolute 
end-products of their groups, incapable, so as intelligence 
Is concerned, of further evolution and simply continuing to 
exist alongside the intellectually developing human as aim¬ 
lessly aj] many cld fOssil forms survive alongside tbciT COn- 
temporaty animal descendants. But can one be cerain of 
that? The stimuli of new environments nearly ahvays lead to 
far-reaching changes, and this may be particularly so in the 
case of animals living in the community of man, where there 
are endless incentives to Idapi to new experiences and to 
Icam fresh Ways of self-preservation. 

Yet It must be admitted that we still know extremely little 
about this subject. The possibilities of carrying out scieotih- 
calLy controlled tests on many of these animals are small. The 
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process n£cessiLa[» kngthy, defliailt observation such aa Ka^l 
von Frisch so devotedly and sncteyBully dedicated to his 
bees. One thin^ that be taken as absolutely certain is that 
a great many animals, some o£ which have scarcely been 
observed, are clearly possessed of co'nsidcrablc and unexpected 
mental capacities. 
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The Advent of Man 


With the cbimparuecs a.tid their aJtvnisHing^ accvnipUsh-' 
ments wc noiv come to the highnt order of aniTnals—not 
hitherto mentioned in a palaeontological conteitt— 4 ho 
primates^ the suprcTiie aniinal sptclcs to which belong the 
lemursj the apes and man. They form the evolutionary line 
along which Nature haa developed and conjumiujited her 
greatot weapon—the brain. 

It would be Tidiculnua to treat the emergenct of Man as 
one o£ the great my^terie^ of the universe. It is far from being 
that. Man developed just like all the other animal species 
hitherto discussed, infliienccd by the same causes, obeying 
the same laws and ruJea which have governed the animate 
world right up to the present day. There Is nothing to contra^ 
diet this view, and everything is in its favour, The first pieces 
of fossil evidence appertaining to the advene of Man were 
found, quite logically, at a point in ilie Tertiary when the 
whole evolution of the mammals and partFcitlarly the apes 
had reached such a stage tha t the deviation in the direction of 
Man was simply inevitable. 

At this point it must be once more emphasised that in thla 
purely ^aual book only the results of practical investtga- 
fions are mentioned and discussed. Even where the causes of 
the stupendous processes of biological development are con^ 
sidered, eveiy eftori is made to keep to the solid ground of 
known facts- Philosophical and religious views and conclu¬ 
sions an this matter are far beyond the scope of this book, 
and they and their widely accepted validity will not be 
touched on at all. 

Presentday investtgations, particularly into the problem 
of Man's origin, arc based mainly if not cjtcluaively on the 
principles of Darwinism. So here a word must be said about 
[his much misunderstood "ism". 
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When Dirwin's famcKUi work On ihe Origff) of firat 

appeared in and precipitaLed a world-wide iritellectual 
upheaval, the Eundatnental concept oF the natotal evolution 
of living cccaturcs had, hithertio, bceti only very discreetly 
miooted. The actual "theory of evoiutbn'' was not origiiiated 
by Darwin and is noL Identical with " Darannisni ”, The fact 
that, despite a very considerable passage of time, the two 
phrases ate still geitctaUy r^rded synonymous is an indica¬ 
tion oi how little the broad mass of opposing opinions teaUy 
understand what it is a )1 about. The doctrines oI evolution 
have grown up organi^lly with palaeontology itself. Admit¬ 
tedly, imuitive strokes of genius were needed to give these 
bold concepts their first foundatLons and outlines. The mile¬ 
stones on this road were set up by Jean Lamard:, Erasmus 
Dartv’in—Charles Danvin's grand^ther—Etienne Geoilroy 
Saint-Hilairc and—a fact that is tar leji known—by the great 
poet and thinker Goethe. (In this matter Cnvicr was a crank, 
refusing absolutely to abartdon his Catastrophic Theory 
which could not accept a continuous, steady process of develop 
ment in Nature.) There must also have been quite a number 
of geologists arid palaeontologists who took a process of 
gradual evolution so much for gr^mted that they made 
little Enss about it and therefore never fluttered public 
opinion. 

Darwinism is something quite different. Darwin assumed 
the fact oE a common origin of species and simply otplained 
how this had come ahwut. The ineicOTable competition 
between the various species produced by mutations and the 
elimination of the less promising types in the process of the 
■'Survival oE the Fittest” has already Ejcen descrihed—and 
this ia the real meaning of Darwinism. T.Vhat actually upset 
people was the inevitable conclusion that Man, too, must be 
part of the general line of biological descent, subject to the 
same influences in his development, and appearing on the 
scene at a lime solely determined by the stage of evolution 
reached by the mcc of primates. This plainly meant—only 
Darwin did not express it quite so crudely—that the apes 
lived on Earth before man, and that Erom their stock, from 
[heir immediate Telatives, descended first the ape-men and 
then Man himself, a conclusion actually first drawn by 
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" DaL'fh'in's bill [dog", Thoiuas l-Iuxloy tho ii^Euialist. ji] 
Goi'iDuny k wai Erast HaocJiel who bicame tht ohiof pro- 
tsj^onisc of this doctrine. 

Jt hiis often encnigh been said—but it tin bear repetition 
—that neither Danriis, Huxley, HicckcU nor any other COO' 
tcmpoiary or later ncientisL lia^ ever asserted or hcliet'Ctl that 
"Man is descetittcd from the apes", ttiai is, tlci^cndud from 
apaa dj we Awoft' iftem lotUiy. That theory has simply been 
thnist upon Darwinians liy people who cannot or will not 
uurldi^tind what the scicutknt meant. We have alrcudy seen 
has/ cantempotary seiertce conecives the evnlutiort of species 
as an intricate combination of jniimtc changes, some simuh 
taneous, some consecutive and some overlapping. Present-day 
Man, Coo. has not dcvelopctl in a straight line, but is the 
result of an imnicnRc wiicty of unitations Mouvij^hing aim¬ 
lessly in all directions within the pritnatc friinily, and from 
these the process oE natiiml selection itas only pennitted 
the survival oE the mttiaiion t 1 tat eKtsis today as Hiirno 
iapirm. 

naTwintsm is just over a hundred years, old; during those 
ytratlS it has been tlic subject of endless attacks and discussions. 
Dozens oE time; its opponenta have claimed to have finally 
refuted it. NcvertEieless, today it is regarded as. an indispens¬ 
able dement in inodern .scientiftc research, and the soundness 
of Darwin's original theories is becoming unoi'c and more 
appreciated. 

The apes—like all Placentalia—have their biological 
origins in the insectivorcs. lliey descended from .same oEF- 
shoot—though of whi^t species or genus of this order it is 
rptitc impossible to say, for titeve ivcre an cnonnous number, 
the majority of ivliiclt arc not even known to US. The tree- 
shrew family is a poMibility, as it includes a number of small 
arboreal insect ivorcs looking somewhat like sqtiimel; but 
showing decided anatomical resemblances to the higher prim¬ 
ates. H-elaticd to the tree-sbresvs is the taiaicr, another" rather 
primitive primate-^lso an insectivorc. It is not out of the 
question that evolution to^vards the lemurx began as far back 
as the late Cretaceous. Certainly in the Falaeocene, even more 
50 in the Eocene, the first Lemurs, together svith tarsieT^. 
flourished in Europe and North America. Frem North 
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.^itiericu thcjf made [Jie usual migi'ation to the South Ameri¬ 
can caiuiiicnt and there, aftcir the dtsappcaTunce o! the 
■Panama land-bridgie, led an isolated eKiatence. The fact that 
they are no longer to be found in South America immediately 
Suggests that they died out. But it la probably safer to assume 
tliat they simply c^iolved into tlic forms of the In oad-nosed 
(platyrrhiiic) Ncu' ^Vorld monkeys which today arc char- 
uetcrEstic inhabitants of those parta of the New ^'oild. Their 
e^'olutionai'y potential w-as pncsuntably int^pahlc ofanythir^ 
higher. 

At the end of il^o Eoocsie the lemin^ also died out in North 
Amciiciaantl stiliscqucritly were no longer found chci'e. Today 
they arc still widely distributed in ^^adag^sl:aTJ hoivcver, and 
rather less numcious in Africa and the East fiidlan Archi' 
pclafto, 'V\'hcthci- the early lemurs and tarsiors can also be 
icgavdcd as the direct ancestors of the Old World narrow- 
nosed catartliiiie monkeys or as a pniralJel bonch from a 
communal stem is still not clear. The first assumption is the 
more probable, for ilic lemur's are in fact somewhat mure 
primitive, appear i-athcr esnlicr in fossil strata and profe 
themseb'es, in the case of the South American Tucmteys, to 
be capable of a higher developjnent. Anys'i-’ayj there is no 
more likely explanation (or the origin of the New World 
niOnkeySr 

lAs in the case of other mammals, geological conditions on 
the whole were not general ly propluous to the preservation 
of ape fossils. Until recently such fossils were among the 
rarest of discoveries, and as a result there are considerable 
gaps fn our knowledge, which even today have not been satis¬ 
factorily filled and are particularly evident in the human line 
oE descent during the Tertiary. 

True apes most certainly existed in the Oligocene, and 
tvere spread over Africa, Europe and Asia, The earlieit apes 
known are PaiapitiKcm and FropHopilksem, both from 
Egypt. (Tlie snIfiK Is one that wc shall come 

across frequently: it is derived fiom the Greek word for ape.) 
These early apes evolved direct from the Eocene lemurs and 
tarnicrii. without going through any "monkey" stage at all. 
Of the aforemeniioned types, Purtipiiiactii (meaning "stand¬ 
ing alongside the anihi'opciid apts") was still a very small 
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qrtimnl, but already possessing antlnuipoid characEeristic^. 
PT<;^pliopithectiJ clearJy anticipted the present-day gibbons 
and may perhap be regarded as their prototype. The true 
anthropoids (Pon^'dae) appeared in the Ltmer Miocene. 
Equatorial in prticular seems to have been very rich 

in a. great variety of hjrEiis, moat of which died out long ago. 
Remains [rom a laiet period have also been found in Europe 
and Asia. Unfortunatelyf these have almost always been 
merely fragments of skulls, jaws and limbs, as well as teeth; 
but they have auBiced to enable the expert anatomists to 
reconstnict with some precision the appearance of the former 
apes. 

The most widespread group of fossil anthropoids is pro¬ 
vided by the Miocene and early Pliocene genu; ^Dryo^itheciijT 
These lived not only in Africa, but also in Europe and India 
{SLi^lik fauna). All anatomical discoveries indicate that from 
their group desoended the present-day authropoids—orangn 
utan, gorilla and chimpanzee. The o^ng-utan probably came 
from the Siwalik forms, and the other two from the African 
representatives. All three ^ire latecomers in the Tertiary 
development of anthropoids. Moat recent of all are the cbim' 
panzees, who first appeared at the end of the Pliocene. It is 
quite clear, merely from the time at which they appeared, 
that Man could not possibly have descended from these apes, 
for in the Pliocene there had long been in existence types 
which had progressed far beyond the chimpanzee stage along 
the road towards Man. NcveTthelcss, the chimpanzees are by 
far the most "hitman” of all living creatures. Their whole 
anatomital structure and physLological functions iresemblc 
ours. Blood chaiacteristics and groups are the same, as well 
as numerous physical particulars which do not occur in any 
other aniniala- So probably there is a close relationship, and 
if one ii scarebing for the original point of divergence of 
the human lint from the animals, it ahould obviously be 
sought where the ancestors nf the chimpanzees first appeared 
on the world's biological scene. So it is astonishing to discover 
that .Dryo^fliiectu was, in small anatomical details, more 
mandike tlian were the chimpanzees. And Dryopith^ciu 
lived in the Mioeenc, between and go million year? 
ago. 
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What Wais thrrC, in laijiing in the anthmpcidSj at the 
climax of their phyiical development in the Teitiaiy, that 
would have tratisformeid them into hotninids, beings ol the 
humail type? Certainly there was nothing physioIogLcaJ ly 
deficient^ aa we can see from the example oE the ohitnpanzecs, 
who, in thii respect, are not in the least itifeiicu: to us. The 
sole, but decisive, distinction of hindamental impottance as 
between ape and Man is the diScring size oE the bram. This 
diSerence was a result o£ cltanges in the shape and si^e of 
the cranium and of the ivhole stiill. ThcM changes also 
iricludcd the mouth which, in the ch^ o£ almost all animals 
up to this stage oE development, had been their chief prehen¬ 
sile organ. This loss oE the month's ability to grasp things, 
made it consequently necessary that other organs, in this case 
the hands, should take Over such duties. In order to free, for 
this purpose, the hands and anus w'hich hitherto had been 
used as means of support and for nmning. an upright posture 
was necessary. Thus the actual development of Man certainly 
began with the holding of riie body erect. We must therefore 
seek for fossils of anthropoid apes most closely resembling 
chimpanzees, which, to judge from their anatomical stmclunc, 
may have adopted an upright posture. This is easier said than 
done, for in this respect fossil formations leave us sadly in the 
dark. The comparatively numerous discoveries from the 
Upper Pliocene in .South Africa reveal types which had long 
ago adopted the erect posture. But what we want to know is 
when the Erst step, the actual "jump" from anijnal to Man, 
took, place. With our present-day ideas and [hcorics it is not so 
very surprising to find that we have to go Lack as far as the 
Tertiary, at least td the DryopiffteetM stage of the Miocene 
^perhaps even further. 

For a [ong time it tvas popularly assumed and regarded as 
" proved " that the fossil anthropKiids vt'cre just jungle animals, 
like their prc.scnt-day dAscendants, whose life consisted 
entirely in hanging and ssvinging from the' branches of trees. 
It wai believed that an erect posture wblr a»umcd by those 
who gave up a jungle life in oi^er to become creatures of the 
open country. But fossils of DryopitHecu^ and other species 
raise constderahle doubts as to whether these creatures were 
in fact solely forest dwellers. The physical developments 
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ntctssary for and awii^ging may wicll have been a 

later specLalisation which actually prcvchttd. a section of the 
anthropoids Enom ever rising aExjve the level oE apes. This is 
a view which is prevalent today. The pronounced and accom¬ 
plished agiUty oE present-day anthicopolds in swinging and 
hanging depends on an ej^ceptional lengthening of the anns 
which Ls not evident in the case of their fossil prototypes. So 
the Miocene anthropoids may be imagined as animals which 
cenainly clambered about in the forests^ but were equally 
at home in steppes and savannahs and even rocky terrain. 
The ''urge to the upright” must have been present more 
naturally during the early stages of development than 
after specialisation into pure forest-dwellers had taken 
place. 

This leads to the conclusion that all contemporary anihio- 
poid apes are forms whichj after the branching olF of the 
human line, have descended from an origin common to them 
and Z)ryop[(AecitJ. They are therefore comparable to Hip- 
parion among the Equidae^ who tvas a descendant, like 
PtiohippiUj of the original Merychippus ancestry, but 
developed into a three-toed deviation incapable of further 
evolution, whereas the onc-toed PUohifipus eventually pro¬ 
duced the modem horse. 

Where is one to find the ** Mery^hipptt,';" of the human 
line, that fertile original form which produced both anthro¬ 
poids and hominids? Almost Certainly further back, than 
DryopithfciiSf and in forms which, had not yet undergone a 
one-way, irreversible development by acquiring the spectab 
ised charaotorlstics of pure forest-dwelleis. The scarcity of 
helpful fossils is eKtiemcly frustrating, and one can only hope 
that future lucky finds will produce the proof we require. 
For that reason every tresb discovery must be regarded as a 
priceless treasure. 

A major piece of luck occurred in Dr. L. S. B. Leakey, 
the anthropologist, found in the Lower Miocene in Kenya 
the remains of a primeval ape ivbose lower jaw (having a 
pronounced development Unvards a chin structure) and skull 
(absence of fmntal protLiberances over the eye-sockets) marked 
it as the most man-like animal yet discovered- This beast 
moat have been much more like Man than the chimpanitei; 
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Or Dryopilhtcus. Since it waa the she of a chimpanzee, Lcaltey 
named it PrtKomul after one of his house-trained chimpanzeei 
which wai caHed " Consul Further carcfuHv planned 
CKploratiqns revealed the e^iaiencc of a ivholc gToup of thcac 
animals in the Lower Miocene, It is nowadays considered 
that they represent the vital offshoot which originated the 
line of descent chat led eventually to Mankind. The other 
line of descent, via the Dryopilhecu^^ culminated in the con¬ 
temporary anthropoids. Whether PrtNronjuf was already able 
to walk erect is still in doubt. Probably he was not. 

From that point onwards, that is trorn round about sg 
million years ago, there yawns a fossil gap of some ao million 
years, during which we know nothing at all about the develop- 
nrent of the homtnids. A possible exception is an Upper 
Miocene discovery in Tuscany tvhich ivas made as far back 
□s ifiyo and which until now has been grouped with the 
Ccropithecidae (Old World monkeys) as 
Recently, the Swim palaeontologist Kiineler has re-examined 
this fossil and believes that, from the characteristics of its 
teeth, it must definitely he regarded as belonging to the 
human Strain. 

This discovery, exciting though it is, is the only one known 
from a period of jo million years and is far Coo inconclusive, 
particularly since it is very deficient and provides no evidence 
whatsoever about the creature's limb? or habit of pncrgrcss. 
Naturally, this particular Tuscan deposit is being closely 
explored, with great hopes that otlier fossils may be found 
there; and, in fact, these hopes have not been disappointed, 
for in igjB a further discovery was madcj which at the presjcnt 
time is under discussion and on the palaeontological value 
of which thq experts are not yet decided. 

Welcome aud, in certain respects, decisive as this second 
Tuscan find may be, the fact remains that it cannot bridge 
that tremendous hiatus in the fossil world. All that tan be 
said about it h that it confirms what has been guessed—and 
does not contradict anything I 

So there is nothing for it but to jump in liine to the Upper 
Pliocene about 4 tn 3 million years ago, for at this point South 
Africa proved to be an unexpected ^ Dorado. It all began in 
the year igaij, when Professor Raymond Dart reported the 
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discovery of the skull and fragments of the lower jaw (A an 
apparently Eour-year-old child, embedded in a limestone ntatriit 
in a cave at Taungs, Bechuanalmd. The cranial capacity was 
about 500 cubic centimetres, this being comiderably larger 
than the crania of prcscnt-day anthropoidi of a comparable age 
and Stage o£ development. Since the frontal ridges are 1 ™ 
prominent than in the case of the anthropoids, and the teeth 
very human, there wems to be here an intermediate form in 


6a Reconstruction of AwHrtitopilhectts {FlesinntftropHi) 


the line of human descent. Professor Dart named the 5p«ies to 
which this young creature once belojnged, dtwtrafoJ&ilAecuj 
africamu. Unfortuuatclyd tliis discovery did not carry matters 
much further, since it is difficult to draw any definite con¬ 
clusions as to the final adult form from an infant skull still 
in the procefi of developing. 

Naturally the scientific world was now on the alert. But it 
was not until 1936 that Dr, Rroom from Pretoria discovered 
further sources of fossil treasures which even today have not 




THE AOVChTT OF ?S 5 

yet been exhausted. These i^ere at ScerUoMem and K-rom- 
draai—andj later^ at other places such as Swarttiaarb? and 
Matapan^^bich have yielded over a long period a ^eat 
nurnber ol teeth, skulls, jaws and bones of all sortSj providing 
an invaluable contribution towards the hnilding np of a more 
and more complete picture of this primitive creature. Broom 
gave different type names to his varions discoveries, such as 
("'near man") and Parunthropiu f'next to 
man "). Nevertheless, all these South African fossU discoveries 
are now plated in the genus These bocdinids 

were evidently widely distributed, as has been evidenced by 
subsequent finds in the region oE Lake Victoria in East 
Africa. 

(Quite recently Dr. L. S. B. Leakey discovered in the 
Olduvai gorge near Lake Victoria in East Africa the com¬ 
plete cranium of an apparent relative of ihe Austmlopitbc- 
cines, together with ivhai are believed to have Ijecn his tools. 
He has been named ZiH/aniftropiu;, and an age of about 
1,550,000 years tiai been assigned to him.) 

But when did the AuBti-alopithecines exist? That was a 
Eiotly debated question. The dating, whicb svas far from easy 
to establish, varied between the Late Tertiary and the Pleisto¬ 
cene. Finally, the decisive answer was provided by close 
investigation of the accompanying fauna. In this cemnection 
invaluable work was done by tbe famous French placotolo- 
gist, Abbd Breuil, who made detailed examinations of the 
different places of excavation. All the discoveries ooncemed 
bad been made, witliouL exception, in limestone deposiu 
riddled with caves^ideal conditioni for the preservation oE 
bones. The presence in the caves of great quantities of all 
sorts of animal lemains leads to the conclusion chat these 
were wateT-bonit accumulations tuE dead creatures which 
had all been swept together with rubble and mud after heavy 
tropical downpours- Now this accompanying fanna was found 
to consist of animaE that were no longer living in the Pleisto¬ 
cene. Thus the period of these hominids' existence must he 
placed in the Upper Pliocene, though it Is impossible to say 
hcKW far back. One thing is certain: the ages of the individual 
types vary. PUdatithTOpus is obviously older than Puranf/tro- 
piii. Probably it is safe to say, vritb wide maTgiiiSj that the 
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vihfAe taiHily ot AtiairalcpSthecincs eKistcd over a period [rom 
A milliori years ago until 750,ow years ago. 

What sort crealuna wnrt these, in winch ape and human 
features were m strangely combi ned? That they^ were still 
merely anthropoids is e^tremfily improbable. First o£ all. 
they wallted erect, as is proved beyond doubt by anatomic 
discoveries (fragments of the pelvis and parts of limbs) Morc^ 
over the forward position of tbe opening at the rear base of 
the skull gives a clear indication of a coriespondingly erect 
posture of the spine. Their height of about 5 fect^ scarcely 
more than that of present’day Congo pigmies. The cranial 
capacity varied between 450 and Coo cubic centimetres and 
only very slightly exceeded the contemporary anthropoids 
(male Rorilla 510 cjC., male Lhimpaiizee 41 j. male oi-ang-utati 
about ^o c.cA though a skull excavated at Swartkraant had a 
cranial capacity of 900 c-C. Their teeth were in general raoTC 
powerful than those of present-day Man, but had many char¬ 
acteristics not present in anthropoid apes. 

All in alE, there emerges a picture of a creature which in 
quite distinctive points has outgrown the anthropoid ape 
stage, but is still not a man. Broom always spoke and wrote 
oE "ape-men”, a dear unequivocal description which seems 
to characterise that intermediate stage, .fcientists have dis¬ 
puted how fcac it is permissible to draw the distinction of an 
intermediate ape-man stage between the evolutionary level 
of the anthropoid apes and that of true men. ft must be 
remembered always that Man Is not descended freim the 
anthropoid apica—he diverged from a common ancestry at 
some time back in the Miocene. It is still not known whether 
any of the Australopiibecines lay on the direct line between 
the Miocene apes and Man as he is today: in all probability 
they formed a specialised offshoot- We can use several char¬ 
acteristics in deciding whether or not to group one of tliese 
primates with Man. We can say that if his brain is large 
^ough he can qualify; but the brains of neither the Australo- 
pithecincs nor the aiithinopciid apes were more than half Man's 
brjiin siie. Another approach, much in favour at the moment, 
is to'regard the development of tool-making as marking the 
dividing line. It is, of course, quire impossible to pin point 
nn exact generation, and say ” Man began here' - Instead we 
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must renifiinbcT chat human ci’Clution, like all otheir organic 
evolution, took place gradually,, and at some period a ilow 
ehange began to occur. First tools (in tbc forai of loose ston«, 
bones and sticks) were used, and then, bit by bit, they svere 
sharpened and chipped and cut, and were ultimately deliber¬ 
ately made. H-rfatcd co this is Man's use of fire—something 
which always frightens wild aiiJiuals. Did the Ausiralopithc- 
cincs mate tools, or use fire? There U no clear answer to 
these questions yet. There arc certainly ii-accs of firt in their 
cave deposits, and, as we shall see in a moment, there are 
also indLcations that they used stones lor cracking skulls. But 
this does not necessarily amount to tonl-makin^. It seems 
rather that, at the height of their development, the Ansrtalo- 
pithecines had just reached that criucal level which char¬ 
acterised the emergence of Man—but alojng a differeiit line 
of descent. Professor Weinert discovered yet another criterion 
for the level of human evolution among the Australopitheci, 
Unfortunately It is one mther nnflattering to "human 
dignity "r Very frequently at the excavations in South Africa 
remains of baboons were found and all their skulls were 
Cracked in the same manner. Broom concluded that this had 
been done by pointed n^ntelope bones. Upon which Weinert 
comments: "To ilay one's fellows, roast and cat them, is the 
way not of an ape but of a man! ” 

In fact—as we shall see later—cannibalism among prime¬ 
val man was a quite comuion custom. 

Before we leave the Tertiary, some mention must be made 
of maMind's place of origin. After all that has already 
been said, it looks as though only Africa comes into queatiortL 
Both Frocomui and the Australopithecincs of East and South 
Africa support this. Nevertheless, science is not yet entirely 
convinced. It may he pure coinddcnce that we have found 
these very early types in Africa only. No one can cell svhat 
surprises may he in store underground in other continents, 
such as Asia, Bui^ for the time being, that is all wc know. 

To return for a moment to our imaginary radio wave which 
is still ttavclling through apace at the speed of light: at the 
Eime of the existence of Paranthrapus, it has reached the 
cOnstclIaiion of Andromeda-—and it will take many tho-usands 
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^ ywis it has pA»ed through it. Ac the end of the 

Tertiary it TvilJ be speeding across the iinmense space which 
Jics between Andromeda and the Milky Way. There are still 
only 600,000 light years to go. A mere nothing compared to 
has already passed. 




CHAPTER SEVENTEEN 


The Pleistocene Ice Age 


With the approaching Quaternary we have now reached 
the latest and shortest period in Earth’s history. It is sub¬ 
divided into the Pleistocene ("most recent period") and 
Holocene ("contemporary peri^”). 

The limiu of the Pleistocene are dearly defined by the 
beginning and end of the Ice Age, give or take a few thousand 
years. It probably began about 1,000,000 years ago and 
ended about 10,000 b.c., according to the latest radio 
carbon dating. As has already been mentioned, it is not quite 
correct to speak of the Ice Age as though there were only 
one. In fact, there were four tremendous separate glacial 
advances which were interrupted by three, very lengthy, 
interglacial periods. These intervening periods were such an 
absolute contrast dimatically that in certain regions the 
earlier Pliocene conditions of the Tertiary largely returned. 
Today we do not know for certain whether the Ice Age, in its 
totality, is really at an end or whether we are in fact living 
in an interglacial period which may be followed by a fifth 
glacial advance, probably due, according to careful calcula¬ 
tions, if it comes at all, in about 50,000 years’ time. To our 
^y of thinking such a period of time is vast, far ahead in the 
inconceivable future. It is difficult to imagine what may hap¬ 
pen before then. We fed we stand helpless before a monstrous 
span of time. But one must beware of yielding to this feeling, 
even when glancing backwards, for many things are much 
easier to understand if one realises that 50,000 years (a mere 
geological nothing) are, indeed, only 50,000 years. 

Our knowledge of an immense and extensive icing-over of 
the northern hemisphere is about a hundred years old. Of 
course, observant studenu of nature had already discerned 
unusual features in the Central European landscape which 
required particular explanation. A very obvious feature of 
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thU kind is provided by the drifiblocks, mostly gigantic 
granite blocks worn into a smooth rounded shape, which 
occur on level terrain. These are alien bodies in the frame¬ 
work of their geographical setting, for far and wide around 
there are no known granitic mountains. Charles Lyell sug¬ 
gested that they had originally been deposited in their present 
locations by drifting icebergs. But this theory was incorrect. 
The proper deduction was drawn in i860 by a Swede named 
Otto Torell, who stated that these granite blocks came from 
the Scandinavian mountains. They had not been transported 
on drifting icebergs (how, indeed, could icebergs have 
acquired a freight of rock?) but had been swept down from 
Scandinavia to north Germany by the movements of glaciers. 
Torell correctly identified the geological surface structure 
of the North German plain as deposiu of debris brought down 
by glaciers, and perceived that the chains of hills were in 
fact piled up moraines. Furthermore he contested the theory 
of an epoch of general glaciation. Since Lyell's day the study 
of the Ice Age has continued intensively—many geologists 
having made it their special subject—and has brought us to 
our present improved but still imperfect state of know¬ 
ledge. 

The circumsunces that may have caused a radical and 
comparatively sudden change in climate, such as could pre¬ 
cipitate an Ice Age. have already been touched upon in the 
discussion of the Permo-Carboniferous Ice Age. So at this 
point we can confine ourselves to presupposing a decline at 
the end of the Tertiary, of from 6* to 8® C. in the average 
temperature. The first result of this, particularly in the more 
climatically inhospitable regions, was tremendous downpours 
of rain, providing an inexhaustible supply of new ice. The 
snow level on all mountains also descended considerably. 
The process of glacier-building increased continually, and the 
ice-fronts moving down from the mountain heights spread 
farther and farther over the lowland regions, eventually link¬ 
ing up and even overlapping. In the end. this amalgamation 
of the different glaciers led to the formation of one solid 
ice-cap which, as in the case of Greenland and Antarctica 
today, buried the land under a continuous expose of ice. 
Over North Germany the depth of this mighty ice shield 
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varied between 1,700 and a,000 feet. The mt»t extensive 
surface areas were covered by the first two glacial advances. 
These started from Scandinavia and the Scottish mountains, 
as well as—moving in a northerly direction—from the Alps. 
Tlie southern limits of the glaciers descending from the north 
were, in England, roughly in the latitude of London; while 
on the Continent their furthest limits were the Southern 
Netherlands, the south of the Harz Mountains which here 
and there projected slightly above the surface of the ice as 
rocky islands, the northern slopes of the Sudeten ranges which 
put a stop to any further movement south in this area, the 
basin of the River Oder and, in Southern Russia, the region 
of Kiev. 

All in all, over Europe an area of some S 5 million square 
miles was covered by ice, including the North Sea and the 
Baltic, which at that time were dry land. North America 
fared even worse. There, 58 million square miles were 
covered by ice to an average depth of 4,500 feet, the southern 
limits of the glaciation reaching down as far as the present 
point of confluence of the Missouri and Mississippi rivets. 

Of course the whole of the Earth was affected by such 
cataclysmic events. How far the south polar ice-cap extended 
north is difficult to determine, owing to the surrounding 
ocean. Ceitainly, Tierra del Fuego was completely glaciated. 
The snow level in the Andes was as much as 4,soo feet lower 
than it is today. And similar conditions prevailed in New 
Zealand, Australia and Tasmania. Siberia, to a great extent, 
was one sheet of ice, with the Central Asian mounuins far 
more covered with glaciers than they are today. In the 
equatorial regions there prevailed periods of rain of incon¬ 
ceivable intensity. Even on Mount Kilimanjaro the snow 
level descended to well below 5,000 feet. The Elarth's supply 
of water was so imp>overished by transformation into ice that 
the surhice levels of oceans and inland seas sank by too to 
S50 feet. 

As a result, many shelf-regions were left high and dry. 
In particular there must have emerged extensive land con¬ 
nections between Australia and South-East Asia by way of 
which primeval Man could have populated this hitherto 
isolated continent. 



Extitioe UmitB of Pl^iitoociic glada^icn in the nCrtbem bcmiaphcre 
















































































































































65. Ice-Age mammoth (according to Z. Burian) 


Within each successive advance of the ice-caps there were 
also subsidiary variations, with a perpetual shifting of the 
limits of the glaciers; as a result, climatic disturbances on 
Earth.' caused by seiuitive reactions to every change in 
temperature, must have reached an almost unbelievable 
intensity. It was ineviuble that the plant and animal worlds 
should also have been affected violently by this revolution in 
their environment. The Bora of the Pliocene disappeared 
completely from the glaciated areas, and the Arctic tundra 
vegeution moved far to the south under the influence of 
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the spreading ice-fidds. Only with tlie melting of ibc glaciers 
and ihe ooiraideiablF iiucricase in temperature during [he 
inreiglacials did the freshly ex.pg«d arcvts once aga-in become 
covered with plant life, and tlien in a vast way which culmin¬ 
ated in an immense cKtension of forest regicunis. These extreme 
variations in flora were repeated a number of times, as each 
gLaciation was sttccceded by an interglacial phase. 

With the fauna a similar upheaval occurred, and now reit 
animal migrations must have taken place, lasting for a very 
much shorter period of time than the leisureiy waves of dis¬ 
persion during the Tertiary. To begin with, the retreat was 
to Southern Europe and Africa, the latter being easily access¬ 
ible over a number of land-bridgeSr There remained behind 
only those animals who today arc the chief representatives 
of northern fauna: reindeer, musk-tHt, rnarmQts, lemmings, 
wolves elks, bison—the mological counterparts of the Arctic 
tundra doTa- 

During the intervening warm periods, the picture once 
again changed stiikingly. Most of the warmth-loving creatures 
retunted northwards; which does not, of course,, mean they 
were the Identical animals who had migrated south, for the 
EDtal duration of the first Ice Age was about 50,000 years. The 
length of the first Interglacial Period was some yo,ooo years 
(see table on page syg), and during this period even tropical 
animals, such as forest- and steppe-elephains, rhinoceroses, 
hippopotamuses, sabre-tooth tigers and otheta moved north 
again. 

This whole ebb and flow repeated itself rhythmically 
during every advance and retreat of the ice, until gradually 
more and more tropical animals gave up their northwards 
migration. The sabre-tooth tigers soon died out completely 
from the face of the Earth. The rhinoceroses and steppe- 
elephants apparently followed their example after the second 
glaclatLon, and the forest elcphartts after the third. Specialised 
forms of these creatures, and of the rhinoceros, emerged In 
the mammoth and the woolly rhinoceros, both of whom bore 
long, thick coats and actually flourished in the icy regions. 
Bears, hyenas and liorts acclimatised themselves 10 living in 
tlie shelter of caves and became distinctive Icc Age fauna. 

The nomenclature of the main Ice Ages and the ^varm 
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intervening periods varies from country to country. In 
Germany the four main advances (suiting with the oldest) 
are generally known as the Giinr, Mindel, Riss and Wiirm 
Glaciations. The geologists Penck and Briickner named them 
after small rivers in the northern Alpine foothills and, as far 
as correlations can be made, these names are in general use 
throughout Europe. In North America the rumes given to 
these same events are: the Nebraskan, Kansan, Illinoian, and 
Wisconsin Glaciations. The names for the interglacial periods 
follow in consequence: the first interval G/M (between 



64. Woolly rhinoceros from the Pleistocene 


Giinz and Mindel) and then M/R and R/W. America has 
quite different names for these, so that it is safest to refer 
to them as the first, second and third Interglacials. The 
second (M/R) Interglacial is also known as the Great Inter¬ 
glacial, though it is not ceruin that it actually lasted longer 
than the others. 

It must here be said that the course, duration and number 
of the glaciation periods are far from being known for certain. 
In spite of much research and a great expenditure of effort 
and ingenuity, there still prevail views which differ widely 
from the outline given here, mainly as a result of increasing 
sub-division of the phases of glacial advance. A further com- 
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plication is that each glacial phase was ct^mposite in detait, 
and consisted ot several minor advances and fctrcau o£ the 
ice-front. It is not so easy to survey a " mere " i,aoo,ooo yearsJ 
This must be honestly admitted, in order not to discredit the 
possible validity of other opinions. 

Thus^ particular eKcicement. on the subject ol Ice Age 
investi^tian has been aroused by the Yugoslav M. Milan- 
kovitch. being an astronomeirH he considered the Earth prim¬ 
arily as a planet. The characteristics oE the Earth's orbit, such 
as its perit^ic variations in distance from the Sun, the slight 
deviations from its truly elliptical track and changes in the 
Inclination of its axis sveire all to him, data on which tp base 
calculacions whereby he proposed to explain the origin O'! the 
Ice Ages. Since the three above-mentioiied variables in the 
Earth’s course are all of diHerent duration, there could only 
be certain points in time when all the most unfavourable 
values coincided^i-e- the greatest distance of the Earth frem 
the Sun (tlic perihelion), the greatest inclination of the 
Earth's axis, and the maximum deviatiim from its citbit 
(eccentricity). This gradually accumulating (and! equally 
gradually diminishing) combinaEton of circumstances must 
undoubtedly (.';a he claimed) have led to a. diminution in the 
Ltitensity of the Sun's radiations received on Earth. Summer 
would have become increasingly cooler, witEi all the conse¬ 
quent effects of a lowering oE the snowdine, heavy rainfall, 
etc. The Tcsialt of his calculations coincided remarkably with 
the periodic glaciatians of the Earth, thus offering an astrono¬ 
mical solution for a great geological problem. However, sub- 
sequent accurate chedcs reveal^ discrepancies which could 
not be explained, and therefore MilankovitidnL'B theories muit 
be regarded with rraerve. Logically, also, his theories, if 
correct, should be equally applicable to Earth's earlier histeryj 
with the consequent implication that there must have been 
a Ipng series ol glacial and inteigladal periods starting from 
at least as far back as the Tertiary—something that is not con- 
firmed by geology. Another glacial phase (called the Donau, 
after the Danube) is dated by Milankoviich as Ear back, as 
doojooo years and is placed with the VUlafranchian deposits 
at the very base of the Pleistocene. 

Naturally^ the revolutionising events of the Ice Ages left 
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their mark on the surface of the land. The piled-up walls of 
debris of the end-moraines have already been mentioned. The 
final glaciation left behind it the tremendous, long Baltic 
ridge, which runs from Denmark across North Germany into 
Russia. It shifted and deposited not only granite blocks, but 
also massive layers of sand, gravel, marl and chalk. For 
instance, the area of the Lower Elbe near Hamburg is a 
6oo-feet deep layer of Pleistocene material. 

One characteristic of the Pleistocene was the formation of 
loess. The loess areas of China, Rassia, Central Europe, North 
America and the South American pampas all originated at 
this time. Loess, a very fine, silty material, largely composed 
of minute quartz grains, was produced from the outwTish faru 
of the great rivers flowing from the edge of the ice-sheet. The 
wind, driving down from the glaciers, must have carried this 
light material over the exposed land in tremendous dust and 
sand storms and continuously deposited it so that the loess is 
now often of great thickness (as much as 550 feet in China). 
Steppe grasses held the loess firm and thus produced today’s 
fertile territories. In these ways, the character of extensive 
areas of the Earth’s northern hemisphere was decisively formed 
by the Ice Ages. There are certain regions of Siberia. Alaska 
and Canada which, as a direct result of the glaciation, are still 
frozen by the so-called “Perma frost” to a depth of several 
hundred feet and only thaw out for a few feet down during 
the summer. Many of the important valleys of Central Europe 
have been cut through glacial ground-moraine deposiu, and 
almost all the river systems, both there and in North America, 
have been greatly influenced by events in the Pleistocene. The 
numerous lakes of North Germany, Russia, Finland, Southern 
Sweden and the lowlands surrounding the Alps are mostly 
survivals from the melting of the ice-masses, whilst the present 
form of the Great Lakes in North America was largely deter¬ 
mined by the position of the ice-front at different stages of 
glaciation. 

The advance of the ice must indeed have been a terrifying 
phenomenon. The solid sheets of rain descending, the storms 
of sand obscuring the Sun, the crushing, irresistible power of 
the slowly encroaching glaciers which sent out before them 
their own icy zones fatal to flora and fauna—they must have 
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induced an acEual end-of-thc-wc»tld lunosp'here. Onfe a^tn 
It must be stressed that none of this happened with any 
rapidity. Neveitbclcss, an average htrnian lifetime svDuld have 
been juffictent. to discern definite changes in the tvorld around 
and to sense unmistakably the approach of the ice. The move' 
ments of glaciers in our presentday Alps are sniaU; but in 
Greenland they are about 6t> feet a year, Probably, during 
the Ice Ages, the ice advamced Considerably Easter, 
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The Pleisickcne Ice Age, showing interglacial periods. The 
Vdlafianchian Stage—now regarded aa being the base oE 
the Pleistocene—occupies the period from the end of the 
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Further Progress in Man's Development 

It was diittny these utiseiLled iIimSk with thtir iltemating 
extremes between ban'en steppes and tundra and warm, lusb 
forests and grasdantls, between predator^ hardened to the cold 
and their defenceless, harmleM prey, that mankind emerged 
aiides'ol^cd. We have5i:ea already, in the remote PermLan, how 
unlavourable external clrciimstanecs had a far more beneficial 
influence on the upward progTcss of life than a period of un¬ 
ruffled, paradisal calm. The Tertiary and Quaternary also in 
their different ways confirm this phenomenon as clearly being 
the ride. For whereas the human stock took at least as million 
years during the Tertiary to traverse the road oE evolution 
from the ape like f rofonjul to the semi-ape-like PuTanlhropus, 
the Ice Age hastened the tempo towards the final appearance 
of Jfcuio s&piem M enormously that this far greater stride was 
accomplished in an incomparably shorter time, 

In the Pleistocene we now encounter quite different types 
of beings from those that have gone before. Et is very remark¬ 
able that for thta period scmrce material comes predomin¬ 
antly from Asia and Europe. Africa lags Ut behind. It seems 
as if Man's further evolution needed the rigours of the north. 
Yet even so apparently obvious a picture can mislead: tor 
some of the higher types have also come out of Africa. The 
greater wealth of fossil finds in Europe may be due to more 
thorough exploration of the Pleistocene in that area, as well 
as to the preservative qualities of the limestone strata in 
Europe and Asia, which are considerably more EavouraUe 
tlian any to be found in South Africa. Also, oE course, the 
greater number of finds could be pattly attributed to the 
numerical increase of individuals in theM territories. 

The fint discoverj' of thi.s entirely new type of pre-man 
proved an object of wonder and curiosity. It dates from the 
great days of Ernst Haeckel, who oonsideried the growth of 
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the tree [}f Man ^ing rather TAore stnigh tfom^aind th^it it 
hai proved to be in re^Uty. He was content merely to postulate 
A '' missing link ", an ape-man a stage higher thAu the anthro¬ 
poid apeSj who walked! erect and was the direct anoesLor of 
pritncval man. As wt know today, this view is fundamentally 
correct, though not in the sense that he ccmccived it. HaeckeE 
was so unshakably convinced of the justification and necessity 
of this intermediate stage that he named the creature Pilhe- 
Con/hropuj emctus before it had even been proved to exist. 
He paid no heed to the scorn and ridicule that was heaped on 
him. One day, he said> those fossils would be found. And 
found indeed they were. 

A Dutch army doctor, Eugen Dubois, tfits so convinced of 
the correctness oE Haeckel’s ideas that he had himself trans¬ 
ferred on colonial service to Java and Sumatra in order to 
settle the question of the "missing linkHe had a particular 
reason for selecting this area for his researchci. At that time 
—it was iScfB—Haeckel claimed that tlic closest relative to 
man was not the chimpanzee but the gibbon. Since these East 
Indian islands were the home of the gibbonsj it was a very 
reasonable assumption chat here also was the birthplace o£ 
those types which developed beyond the anthropoid ape stage. 
Actually Ellis assumption was basically faUactous since the 
gibbon is today no longer included among the anthropoid 
apes proper. Yet in spite of this mistake, the wildest coincid¬ 
ence in the whole history of science led to Dubois' carefully 
calculated plans being Crowned with success. He began 
excavating at a place called Trinil in Java, where numerous 
fossil remains of mammals had already been discovered- At 
varying intervals he unearthed two molar teeth, the roof of 
a skull and a left upper thigh-bone, which were quite sulfici- 
eni, anatomically, for the reconstmction of a primitive, man¬ 
like creature which walked upright and was, to judge fmua 
its brain-capacity (935 cubic centimetres), exaaly half-way 
between anthropoid apt and Man. The hypothetical Pithec^n- 
thritpui of Haeckel had been found. 

The sensation caused by this discovei^ rocked the whale 
scientihe world- On the one side were triumphant cheers, on 
the other obdurate disbelief. Such a thing simply oould not 
be true, said the latter; it was preferable to believe in the 
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ol an ont^ized tcyssiN^ed gibbE^nJ Hut the proof could 
nat be away. 

It waj evcrtdingly difficult to fit this Trinil diitcovery into 
its chronological place in the scheme of things. Only much 
later did the palaeontologist vtin Koenigswald succeed in 
identifying' so precisely the accoitipkanying fossilised fauna in 
the Javanese excavations that it proved possTble to allocate 
the existence of Piike^anthropas ereetus to die second Icc 
Age, that is, about ^dojOoo years ago. 

All those doubts, which prevailed for so long, have now 
been cempletely dissipated; for suhscqtient finds of fossils 
of the Same or similar kind confinned the original disccn'eTyr 
The lucky finders were once again DubcuEs and von Koenigs- 
Tvald. Fossil remains dug up in Central Java between 
and jg^c^ brought to light another type ol this species which 
Franz Weidenreich has named PUhscanlkropTis ro6tijf«j. 
This second creature was certainly older than the first type 
found, and probably lived during the first part of the Ice 
Age; so its an tiquity can be estimated at a good 500,000 years, 
Reconstnietiona have piuduced a very apedike being, with a 
flatly sloping Eorrbeadand low skull, accentuated brow-ridges 
over the eyes, a muade-like protruding mouth, and a recessive 
chin. Its height must have appiiutimatcd that of present-day 
man. Its distribution in the world is tolerably well defined 
by other discoveries in Asia, Europe and Africa. 

One of the most important and richly iiiformath-e of all 
archaeological sites proved to be a limestone area at ChoukoU' 
tien near Peking. The ancient magic of .secret medicines and 
protective amulets, which played an important pan in tradi¬ 
tional Chiticsi; culture until quite recently, strangely enough 
proved the signposts to this discovery. Since the dawn of 
civilisation, probably, Chinese physicians have been acquiring 
fossil bones, teeth, etc., and selling them either in powdered 
form or whole as amulets. A German doctor named Haberer 
was the first to recognise the palaeontological value of these 
medicaments, and be did science an enormous service by 
buying up, at considerable financial sacrifice to himself, whole 
collections from the apothecaries of Tientsin and Peking and 
sending these trophies to esperts in Germany for examina¬ 
tion, One ol these objects was a molar tooth which was held 
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to be of very eirly bum^n, or-igin. Since ^holt hordes o£ local 
people vjiere engaged in collecting these fossils far the apothc' 
caries, it wag impossible to conceal their source, and the atten- 
tian aE the anthropologists soon drmTi to the liniestDrie 
area around Choukoutien. Then, in a Swedish scientist 
found two more teeth. This event alerted the Americans, who 
organised an ambitious, wcU-finanecd programme of eKCava- 
tLons which lasfed from 1^17 until 19^7, i^ith a large inter¬ 
national assortment oE experts participating. Once again a 
tooth provided the vital evidence, Davidson Blaek, 3 Canadian 
—the “'Cuvier " of the expedition—recognised it ag belonging 
to primeval man and, with the same audadous asurediiess 
that the old Frenchman always displayed, he inferred from it 
a being which he named ^nantAropus pekiTH'Tuis. Such an 
apparently hasty deduction was, in this Case, brilliantly COil' 
firmed: far in the yearj following not only were further teeth 
discovered but also quantities of si^ulls, jawg and pardons of 
limbs. All told, the remains of about lifty individuals were 
recovered from this source. The procesa of reconstruction 
revealed a surprising fact—that SindtEthre^ttj was so similar 
to PiiftncanthropM that it should perhaps be placed in the 
same genus, ivith the consequence that nowadays this early 
man is sometimes referred to as Piihfcanthrffpus pekinansh. 
Variations Erom the structure of Javan Man are, from the 
point of view of classiRcation, relatively unimportant. Plainly 
the Chinese specimens lived at a later date than P. roifujtuj., 
but earlier than P, erirfuj. 

The actual site where all these precious remains were 
discovered was a collapsed limestane cave filled with gravel, 
sand and clay. The fact that the remains of so many indi¬ 
viduals were assembled in this confined space has led to a 
horrible conclusion. In the case of almost every stull the 
occipital bone had been cmckcd and the spinal hones crushed. 
These obvious result; af violence could only have served one 
purpose—to get at the brain and the marrow. So it looks a-s 
If what ivdS unearthed was a primeval robbers' cave, to which 
Sindn(hroj>uj had been dragged as a victim, slain and 
devoured. Who vvere the cannibals? His own fellow men? 
That is possible. But it is equally conceivable that at that 
time there ■were early men considerably in advance of .^in^iFir 
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thr^pUJ. I(Mle«lj this possibility must definitely be taken iut* 
^eeouiitr f&T the iwholc PilhecatilhropHS Ifroup were not iieew' 
sarily representative a£ the highest evolutionary stage which 
Man had reached by that timCr However^ since ive do not yet 
know definitely *£ any superior conienfiporary heingf we can 
only theorisei but it is ironically tragic that the relics of such 
bestial deeds should first put us indirectly upon the track of 
a hypothetical "higher Man'", 

Unfortunately, the whole of these priceless Chinese finds 
disappeared on the outbreak of war with Japan iu 1941. By 
agreement, they were the property of the Chinese Govern¬ 
ment. An attempt, at the request of the Chinese, to transport 
them to the United States was made too late and failed. Since, 
after the end of the war, they did not reappear in Japanese 
hands, it must be ^red that they were destroyed by the 
ignorant soldiery^ 

In Europe so far there has been only one find reiated to 
the Javanese and Chinese types of men. This is the famous, 
extremely well preserved loiver jaw from Maucr near Heidel¬ 
berg, It was found in igoy in a chalk pit from which road 
metal had been excavated for a long time and which had 
already yielded numerous lossil remains of animals from the 
early Pleistocene. Here too—as in the Gcisel valley—the 
physical circumstaocCS were favourable, the strata being 
saturated with lime-rich ground-water which checked the 
formation of destructive humic acids. Otto Schoelensatk, the 
palaeontologist who lor decades liad watched, with infinite, 
dedicated patience, over the salvage of the fossils, was over¬ 
joyed to be able to identify this posverful lower jaw as belong¬ 
ing to primeval Man, and he 4 «ignatcd its former possessor 
Homo Aeidei'hcrgciwiJ—Heidelberg man. As far as we know 
today, it belonged iu fact to the PiihEcanihropiu^inanthTQpus 
group, so that its placing in the genus Homo is possibly not 
entirely sattsfactory. Judging by the contemporary fauna, 
Heidelberg man most have lived during a warm period. 
Therefore he has been assigned to the first Inteiglacial of 
about 550,000 years ago, making him contemporaneous with 
FithecajiihTOpui robiuhtj. 

Naturally, this valuable source of fossils received the closest 
aTienrion thenceforwaid, unfortunately without any success 
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until, after the end 'of the 


Second World War, a com¬ 
plete skull 'was dug up near 
by. And then something in¬ 
conceivable happened: the 
workmen ‘who found it 
secretly deairoyed the skull 
because [hey were afraid of 
"trouble with the police”. 



Since prcliistoric skuHs are g^, Lower jatv of the Hciidel- 
soestceptioualiy rare, this loss bcig man, diwovered at Mauer 
to science is incaladable- 


Xhe very wide dispcrsiDn of this early group extended also 
10 Africa, Here we must rely on the great expert. Dr. \VcEncrt, 
who, from a mass of fossilised fragments discovered by Dr. 
Ludwig Kohl-Larsen by Labe Eyasi in TaTtganyilta, described 
an extinct type of man, somewhat resembling Pithcc^n.- 
thropus. He named it AfricanlhTtfpm —hut this name cannot 
be used, since it bad already been given earlier to an entirely 
different kind of fossil human skull ,^/ricflnthro^tu ” was 
probably a relict group—it became extinct towards the end 
of the Icc Age. 

It i^ indeed by no means extraordinary that there should he 
distinct variations of type among primeval men at different 
periods and in different parts of the world. Even among con¬ 
temporary forms of fiomo lapinns there are tremendous 
differences between a North European and an Australian 
aboriginal, a Japanese and an Ethiopian. The process of 
fragmentation into races may equally well have taken place 
among early mankind, and even the very scanty discoveiries 
that have been made reveal, again and again, hybrid types 
suggesting just this. Thus, it is dilhcult to decide where 
Teianthropm ^:Ap^:Rsis, discovered by Broom at Swankraans, 
should be assigned, although he betrays obvious relationship 
10 Piikecanthroptts. Another hybrid type is the Ngandcng 
man, eleven of whose skulls were discovered in fragmentary 
form at Ngandong in Java during the 1950's. Although he 
must still have closely resembled FUhecanthropuSj certain 
chamcteristics a-ssign him to a somewhat higher place in the 
ladder of evolution, already approaching the later Neander- 
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thaJ man. These discovicriesK wo, bare indications of 
head-tiuntEn^ for most of the skulls were smashed in ar ihe 
bacltK and the fact that they were all found within a limited 
area indicates that the T^ictims must have been dragigcd therCr 

There is equal uncertainty with regard to the classificacicin 
of the Modjerherto child fnsm Eastern Java, whose cranial 
capacity was ^oo c,Cr at the age of four or five and who might 
thcrelore correspond to a young PUfiEcanthTOpus. ThiSj horr- 
evefj is far from certain. 

Another type is represented by jUlantJirppus m&uretanicuit 
of whom two lower jawbones—pnoliably of a male and a 
female—rverc found in Palikao in Algeria in 1554, The very 
pronounced and almost fuUy-taathcd male jaw is said to hear 
a Tecnarkable resemblance to that of the Heidelberg man, 
while the less well preserved femaEe one resembles PittmcdJt- 
thfopas. Contemporary fauna dates them as living at the 
beginning of the second glaciation period, thus making the 
somewhat younger than Heidelberg but older 
chan SinanChro^ujj, which accords very well with their type. 
Certain physical variation? from other roughly contemporary 
finds suggest that here was a deviation from the maLn line of 
development. 

Really sensational discoveries were made in Java by von 
Koeciigswald in 8959 and 1341, These were fragments of 
lower jawbones mote than twice the size of that of the Hcidcl- 
bcig man, which itself was already massive. Since these jaws 
are human, von Kocnigswald was forced to deduce from them 
the existence of a race of giants, which he called Afffga»' 
thropus pah^ojavaniciis. These discoveries linked up with 
some fossilised teeth which the .-iaine scientist had bought 
before 1959 when ntmmaging through Chinese apothecaries' 
simps in Hongkong. The teeth were of such a size that at fim 
he hesitated to ascribe them to human beings, and he there¬ 
fore named their owner GiganiopUheciu^ indicating the ape- 
element- It was Weidenrcich ivho first decided that the teeth 
should be regarded as human, and hence inferred that there 
must have been a race of men over twelve leet high. Then 
Weinert found among Robl-Larscn's collection of fossils—all 
of which came from East Africa—upper jawbone fragments 
and two molars of a similar huge size. Weinert attributed 
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thc5c remains lo giants and called lllfi AfTican type Mffgfltt- 
thrOpus- ajtieaniii. 

^tiangely ennugh ihere ia liitle agreentent in the aci«iiciiic 
world on the eKiatence of such giant typ«. It has been pointed 
ouCj ncit unbdriy though with coniidenble vigour, that the 
sLue uf a chill, let alone a tooth, is not sufficient evidence on 
which 10 base oonclusions as to the stature o£ the being to 
whom they once belonged. But gigauiiatn baa been a quite 
normal pheiiotncnon throughout the animal world at all 
times, and we have already encountered numerous exn'iniples 
of it. Why, then, should the human race Form an eKception? 
^^atu^al]y, this line of argument does not constitute a proof. 
One can only wait for the earth to yield up further FoKLlised 
limbs which will justify the advocates of the CKistence of pre¬ 
historic giants. 

The whole group of Pleistocene primeval men so far 
described, belonging to Pithucojilhropus (or doscly related to 
itj^ must now be compared with the i^mlralopithECtis group 
of the Pliocene and very earliest PlcLstocene. Neither of tb«c 
two great groups lay on the direct line of human d-olutinn— 
each progressively developed structural Features not Found in 
present-day Man, Each became extinct during the rieistocene 
—but the FithefiaTilh foptiS group Listed longer, and produced 
some descendants which lived in Europe contempniuucousJy 
ivith more highly evolved forms of true men. 

The most striiiing jiid the best Itnotvn example oE these 
parallel forms is the Famous Neanderthal man. He is, also, 
the LcC'Agc relic, who has 
been longest known tn 
the world of science. 

In the year quarry 
workers in the Neander 
valley near Dbsacldorf 
came across fragments of 
bones and heedlessly 
shovelled them down on 
to the valley floor about 
sixty feet below. By a 

lucky chance the fore- fiB. fteoonstniciion of a 

man arrived just in Neandcrthitl skull 
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time and had the bones coUecKd (they were subsequently 
found in consist of the mot of a skull, humerus, ulni, tadtus, 
etc.)r The owner of the quarry gave them tn a Diisseldorf 
scbnolmaster called FihlTolh, and he handed them on to 
Professor Schaafhausen, whn tecof^ised in them the rematns 
of A fossil man. Much controversy followed this decision—at 
tliat time no one knciv of IcC'Age man, as inve-itigation nf 
the Ice Age had scaroely begun. Even the pcKsibility of the 
existence of prehistoric fossil inen had been banished from 
the rMlm of scienilfu: thought by the lapidary pronounce¬ 
ment of the mighty Cuvier: L’}iomme fosdle n'sxiite pas." 
The first well-justified excitement caused by this discovery 
focuserl the atteiuion of the world of international science on 
the thesis which Fahlrotb and Sebaafhausen elabomted. But 
both were defeated by the superior weight of world scientific 
opinion. Dr. Pruner-Bey of Paris Tejected Fahkoib's "fan¬ 
tasies'^: It most, these discoveries were the remains of an 
ancient Celt, or—as Wagner of GSttingen opined—some old 
Dutchman. Professor Mayer of Bonn, on the other hand, 
offered the suggestion that they were the bones of a Cossack 
w’ho had hidden there during the Napoleonic wars. Again 
and again Fahlrath drew itcention in the very pronounced 
frontal ridges over the cy es^ the receding chin and other skele¬ 
tal features all characteristic of primitive Mau. But on this 
very point Virchenv, the leading authority of his time, demob 
ished all Fahlroth's ideas. To Virchow it was as clear as day¬ 
light that jtcre was a case of paihologica! degeneration of the 
bones. The individual concerned had contracted rickets in 
early youth and later developed gout- So that was that 
Virclujw^ unfortunately, was as dictatorial and stiff-rLccked as 
Cuvier, “L*hommc faisite n'eitjfff and the matter was 

settled. The unfortunate schoolmaster was ovcrwhclrned by 
such devastating opposition, and had to suffer the atlgnia of 
being dubbed tlie victim of an over-active imagination. 

However, support came from England. Professor William 
King, the geologist, was not to be shaken; he believed that 
this was a fossil man and called him Homo neanderthalensis, a 
name still valid today. Sir Charles Lyell, too, was firmly of the 
same conviction. But even the views of these two scientists 
could not stand up against Virchow's abuse of his authority. 
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Such grave errors comiiig Iroin an eminent physician are 
extremely diflicitlt to explain, (h is also well known hovf 
Virchow slightingly rebuked B-obcri Kach---the little doctor 
who later b^me so famous—when Koch suggested to him the 
idea of the existence of microscopic creatures which caused 
tubeicnlosiS') But progres Can only be dclaycdh never truly 
halted. Inevitably there will be subsequent discoveries to 
confirm the first. And so it came about. 

A hundred years ago the general exchange of new^ and 
information, including seJonti^ intchigcncci did not function 
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nearly so efficiently and swiftly as it does today. Any dis¬ 
coveries, unless they were of immediately obvious importance, 
were, at most, published iu the local newspaper and then 
vanished into the archives. It required a good memory to 
recollect earlier discoveries, which might perhaps tie up with 
new finds. So it was not until eight years after the Neander¬ 
thal discovery that someorie remembered that as long ago as 
] B4fl a skull had been found at Gibraltar which in structure 
corresponded to that of the Neanderthal skull. With increas¬ 
ing attention focused on the subject, people now began to 
CoUect material hitherto considered of little importance. But 
knowledge about the early cKtstence of primeval man did 
not appreciably increase until the vital break-through year 
of iSafi. In that year a cave at Spy in Belgium yielded skulls, 
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Ini'b'ti' Aiicl ixniJLHii uF aiEii^t" boiicii o[ n iiuinber of 
I'Ulual!; wliD were indisj>iLuibly of the specie^ Woniy n^AFniltf)'- 
CojiieinpoTary fauna proved tn con^int af Fee-Age 
atiLinalji, SLidi as the rhiiiwxiras aiul the mam moth. In 

addition, there were ronsidenblc t[LiaiitLiics of (vorked SLOiie 
liupleincntiir So Uiat tCie end it> " |F;LiholHjgiH"al degeiienr 
tion " of the hntics of morlei'ii men. Here ncre reprcseirtutitcs 
of an extinct Irnmnil Ittce that bad tended to exist in Etirnpc 
Al>Dnt 4n.mH] yCiilS ilgfi. Nc^'trtlielcHH, it iva.H nut ml til the end 
(»F the la;»t ecntntv tiiat tiic eniLneiift aittlnopologiiit Gitsotr' 
Schwalbe fotind the "comrade" to necogiiisc ptihitcly the Fact 
that the ivovJd fiad ^tumhletf tipon the track of the okle&t 
true men, and in aceomtlariai with his convictions he named 
the type floiiio prhni^etiiim, "the first cre.-itwl man ". As ivc 
know today, the claim implicit in the tiame is wikjfijj, foi- 
Neundei'ihal iiian ivas tFo^ the hrst ti'ue niaitj and in ;iny ase 
the name H, ttRartdt^rifiaU^iisis had been given to this species 
liKi. The present centiLTy has brought to light, front iiLuner^ 
OLis s-ites in I'rRcicc, Moi'avia, Ciroatia, Spain, Italy, Sotnhern 
Russia. Ibiiciiline itlltl South AhLc,a, so many fossil lemaijis 
that ive now know a great deal nliont the natinc, appearance, 
habits and geographical disirilnLiiuti o£ NeandertbA] man. 

As 1^'□s frequently the case with other groups^ the N’catidcr- 
ttial men. too, in their diEFci'ing en^'ivonmcnt.s, were by no 
means uiiLfovm in their cbaioLeterisiicfi, the L'aLestinc Fnds in 
piii'ticLilar showing consider;!ble deviations. A real "siqicr" 
Ivleatidcrtlial .specimen sstts Rhodesi:in man {fiot/io rfiod^st- 
ffFrjFs) who was discovered in 19s i in a kluc mine at Tlrokcn 
Hill in Rhodesia. Enovniously pvotubenurt cyelmnv ridges 
must have given him the appcaonce oF a gorilla, yet the 
proportions of his limbs were more "inodcrn" than those t>£ 
the Europcaii Neanclerthal nun. Like “ Afncanthroftits^'f 
Rhodesian Man was probably a local race which was isolated 
from the main stream of evolution. Many of these early men 
arc in fact best thought of as representing separate r.iccs ill 
the motleni sense. It now is known that N'eandcrthal man 
existed as far hack as the third Inteiglacial, perhaps 1 So,000 
years ago. During the fourth glaciation they were, in. fact, the 
only Eiiropeuns svho for tens of ihonsands of years dwelt in 
those inhn.spitable regions els true Ice-Age men. 



Wilrt liiTn'SC. A nock-cnjrnvinj in Lih BuiJlkl'!;. EFautcs [^Ttnccs-, Fi aitcc. 













l■'UK'rllKK l>Hl>CKr.Si» IN man’s DK \’KI.OrM KNT !(4J| 

Frequent attempts have been made to reconstruct their 
outtvard appeaiaiicc. but so far no coirsistent view has been 
agreed on. Despite a smallish average height of about five 
feet three inches, their bone structure tvas immensely strong, 
and their muscles prolrably correspondingly powerful. The 
original belief that they waddled about with a bow-legged 
gait is discredited; this was a mistaLc originating from the 
discovery of a bandy-legged ty[>e in La Cha]>clic in France. 
The skull with its rccetling foiehc.id and projecting frontal 
ridges was on the whole more ma-ssive tlian that of the 
present-day F.iiropean, for which reason savants in V'irchow’s 
time spoke also of water on the biain as a further indication 
of sickness in the " modern " specimen. TItc cranial capacity 
svas vei7 high—1,500 c.c. The lower jaw was strongly formed, 
but the chin, on the contrary, was only very wokly developed. 
Like the vast majority of primeval men they went about 
naked (clothing Wtis only invented incredibly late in Nfan's 
history) and were pixibably—partiaiharly during the Ice Age 
—-heavily haired. By present-day standards they could hardly 
be regarded as handsome. If, in addition to the alx>ve, one 
i>ears in mind the fact that (hey undoubtedly indulged in 
cannibalism, tlie total picture is of a repulsive semi-dwarf with 
bestially savage nature. 

Indeed, the Neanderthal men could hardly be otherwise, 
for the world in which they mostly lived w.as anything but 
friendly. There were animal enemies galore; survation was a 
perpetual threat which necessitated resourcefulness. They 
must threfoie have been gifted with extremely acute senses 
and almost animal instincts. 

Our knowledge alx>ut their origin, how long they existed, 
and when they finally disappeared, is still very uncertain. If 
(hey originated far l)3ck in the third Interglacial, they lived, 
to start with, for a very long time in exceptionally favourable 
circuinsunces. They suffered their first hardships with the 
beginning of the fourth glaciation, when their homelands 
became desolate .'irid they themselves were forced back into 
the tundra and steppes of the marginal regions. From that 
lime onwards, of course, things became harsher and lursher 
for them. While their remote ancestors in the Interglacial 
had been able to enjoy vegetable foods in plenty, now they 

K 
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1,1'ert loKctl lo bcconic [ji'ctlontsuiiLiiLly ncs-li-Kticis, a cltjiige 
vcquSttiis ciimiinif nUTfl flespcvaccly bold liiinLiiij, Fyr ihc wild 
an[]TUiUwhD ^vere thdv pwiy Elect of Foot acid, tnorcover. 
Wilt able to defend tlieiuselvei. Thus "drives" by a nunurer 
of iiidivEduals led to an inovoasc in ilif: JitreuRtti oE comnuniid 
[\tc iLiid tribal reoltiiA. < oriwQqinLiKly iheii dyliiy out is soiuo- 
what eKiraomlinarj'r l^laiitly they were n deviation From the 
main cvclutiouary toui'sc. and it is [[nice cercaio cliat Lhty 
ivcio nol the ancescoi-s oF [ncscnt-day Man at all. Even 
Lltirinji their liine. and poHSiibty ]>cfore ibenn ihevc cxistcEl 
primeval lypta of Man whichr Fioin ibc [>oim oC view oF 
devclopnieotj were cunsidciably io adv^nee of them, os we 
shall shortly see. So ii is conceivable thac during iheir laier 
period they were veleiulcssly puvflncd by "higher" men 
pressing iip fi'otn the soucit and finally aitfTcretl complete 
eittermirtaiion, which could have come about quite easily in 
view of tlieir numevicalty smell sii'cngth (at most 3iOoo 
indivitliials per gcueratimt). tuvihennore, the dlsooveiy oF 
numerous hybrid forms svicfi |icrsLStent Neatidctthal char^ 
acterlsiics suggests a process oF absorption efivongh nner- 
breecUng with other types. (VVe shall return later itt their 
nikuial legacy.) , 

Whereas Neanderthal fossils arc plentiful (over loo indi¬ 
viduals), we arc lamentably lacking in specimens of tbetr far 
more intcrcRting contemporaries. Tnde^, thieve arc tip t dl 
now only [out sources of information about them: the Jim 
valley in Thuringia tuoi far from Weimar, Steinficim on the 
River Mliit, .Sw'aijscombe on the Thames, anti Fontichevade 
in France. 

Of these, the individual deposits that Inive been known 
longest are the chalk deposits of rauhoch and EliriitgsdoiE 
Sn the 11m valley, which have proved rich sources of fossils 
from the last Imcrglacial. As long ago as 1871 a human skull 
was discovered hei’ej unfortunately it was submitted to Vir- 
thotv for judgiucnt and iruimcdiately suffered the fate of 
being rejected as uon-pvehistoriCL Over Icngilty intervals the 
area yielded tip molav teeth, lower jaws, fragments of bones 
and, in igaj, another broken cranium. Although resemblances 
w the Neanderthal man are unmistakable, the ^rmaiions oE 
the forehead and the curvature of the skull in particular 
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uppear to suggest a higher type. However, opinions on this 
are still divided. 

Nearer to unanimity is the view taken of a fairly well 
preserved skull which was discovered in a gravel-pit near 
Steinheim in Wiirttcmbeig. It obviously belonged to a young 
woman, as is indicated by the 5 m.iller brain capacity, which 
always (even among anthropoids) is less than that of the male. 
The Steinheim skull shows several resemblances to Neander¬ 
thal man, but the hcai^ brow ridges of that species arc not 
so well developed—in fact it is in general less specialised. It 
proixtbly lay near the common source of both present-day 
Man and Homo neanderlhalensi.<t. All the contemporary 
fauna in this fossil-rich gravel pit. as well as the loess deposits, 
indicate the third glaciation as the period in which they were 
laid down, ivhich means that these early men must have lived 
:too.ooo and more yean ago. 

In the case of the Swanscoml>c man. the characteristics of 
Homo sapietis arc even more pronounced. Here. too. only 
skull fragments survive, which were dug otit of gravel pits 
near the Thames in 1935 and 1930. The brain capeity—and 
in this ease, too, it w:is a woman—must h.ivc measured alxnit 
1,325 C.C., clearly indietting that it was of "late" origin. 
Nevertheless the .Swanstombe type is older than the Stein- 
heim man. The .accomixuiying animal remains belong to a 
warm era, so must be assigned to the second Inteiglacial. 
indicating an age of at least 250,000 years. Kurthcrniorc. 
numerous stone implements were found, which—as we shall 
.see—arc infallible indications of early Stonc-.\gc cultures and 
in this ease corrcs|x)nd with the |H;rio<l mentioned. 

The most icccnt finds of this nature were made in 1947 in 
a well-known and already thon>ughly explored cave at I-'onti- 
chevade in Fiance. Here, remains of two skulls revealed the 
existence of primeval men who had evolved beyond the 
Ncandcrtlul stage atui ^'CTy dearly anticipated the anatomical 
characteristics of present-clay Man. This Fontdehevade man. 
also, is assigned, in point of time, to the last Interglacial. 

The exceptional rarity of such discoveries is certainly very 
disappointing. Even carefully organised exploration cannot 
help, for it is almost inijxissiblc to devise any sort of scheme 
likely to be pioductive. Obviously, exery Pleistocene grat'd- 
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pit must be regarded as promising territory, particularly if 
fossilised animal remains have already been discovered there; 
but the impossibility of knowing where the scattered groups 
of primitive men may have wandered and died seriously 
limits any sort of systematic investigation. 

The now discredited Piltdown man (named after a place in 
Sussex in the south of England) used to be placed amongst 
these earlier fossil hominids. This find consisted of assorted 
fragments recovered between 1908 and 1915- The English 
lawyer Charles Dawson, who bore the cost of the excavations 
and directed them himself, reconstructed from these remains 
ihe Piltdown man, who was named in his honour Eoanthropvs 
dawsonii. Certainly it seemed to be one of those rare and 
precious fossil treasures which had been so much sought after, 
as it combined in a most desirable way the many character¬ 
istics of several stages in the evolution of Man. It was, in fact, 
a perfect "missing link”—too perfect though, for in 1954, 
after many expert palaeontologists and anthropologists had 
carried out a series of exhaustive investigation^ the conclu¬ 
sion was reached that the " remains were nothing more nor 
less than an extremely clever fake. The perpetrator has never 
been identified, but the one certain thing is that Dawson him¬ 
self was in no way to blame. The lower jaw was revealed as 
belonging to a contemporary ape, probably an orang-utan. It 
bad been “fossilised" with the utmost skill; and the teeth, 
too, under the delicate application of a file, had been worn 
down to simulate the teeth of a primitive man. The aviated 
roof of the cranium was indeed that of a man, coming from 
a late Ice-Age skull, and therefore nothing like as early as was 
claimed for the fossil as a whole. So, unfortunately, Piltdown 
man has turned out to be simply an anthropological hoax, 
by a person or persons unknown. 

Another similar palaeontological mystery had a more inno¬ 
cent solution. As long ago as 1913 there was discovered in the 
Olduvai gorge in East Africa the skeleton of an undoubtedly 
genuine Homo sapiens. But it lay among layers which clearly 
belonged to the Middle Pleistocene. The inevitable conclu¬ 
sion to be drawn from this was that Man had reached his full 
development in Africa a quarter of a million years before he 
did in Europe. This sensational, indeed revolutionary, claim 
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was not, it need hardly be said, accepted forthwith; and 
indeed subsequent finds of a similar sort provided the solu¬ 
tion: the Olduvai man was not in any way older than the 
European representatives of his kind. He had in fact died in 
his appropriate stratum, but had subsequently been shifted 
by earthquakes into a deeper and therefore earlier geological 
environment. 

The time-error in this case was a result of the determina¬ 
tion of age from surrounding geological strata, a method 
which, generally speaking, is most reliable. Indeed, it is a 
method that is impossible to dispense with, but which should, 
if possible, be confirmed by other means of prooL Recently 
there have become available additional means of checking, 
and these have proved very valuable within certain limited 
time-spans. 

One of these is the fluorine test. This test is based on the 
tendency of the calcium phosphate content in the bones of 
animal and human skeletons to absorb fluorine from the 
moisture of the soil in which they are buried. The longer 
the bones have Iain in the ground the greater, naturally, is 
the quantity of fluorine absorbed; and thus it is possible to 
ascertain their age. But the Actors of error in this method 
are quite considerable, so that it can only be regarded as 
moderately reliable. 

Considerably more accurate, and increasingly so as the 
technique improves, is the radio<arbon clock. This is one 
of the most brilliant attempts to make use of certain natural 
characteristics for the purpose of absolute determination of 
prehistoric time. Once again—as in the case of the uranium- 
lead clock—radioactivity plays the decisive part. The radio¬ 
active carbon isotope C** has been known since 1940. It has 
a half-life of 5,568 years, with an uncertainty factor of 30 
years, more or less. The American Professor Libby, in con¬ 
junction with the famous Nobel Prize winner Anderson, 
discovered that in the upper atmosphere this isotope is con¬ 
tinuously being produced, by the action of ultra-radiations 
on nitrogen, in quantities that compensate exactly for its own 
loss through radiation decay. This is an astonishing fact, and 
provides significant evidence of the state of absolute equilib¬ 
rium prevailing in the power-conflict perpetually being 
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waged between the outer AtTnoaphere aud hustile cosTnic 
mflyeiiMa. Now C^* docs not persist in m iudependenl state; 
it combines with free oxygen in the air lo form carbon dioxide. 
As a reault, the proportion of carbon dioxide in the atmo¬ 
sphere, whicli has been <x>Tistant for a very long time, con¬ 
tains an equally Constant though very minute pmponion of 
Kidioactive carbon dioxide, which is assimilated in the 
same way as "normal” carbon dioxide into the tissues of 
plants and, indirectly, through the ingestion of plants, mm 
the bodies of animals, thereby mahing all plants and animals 
slightly radioactive. While a plant or an animal is alive, the 
carbon-1 is maintained at a conatant level, When the organ- 
ism dies, however, tire supply of C^* ceases and the amount 
of radio-carbon diminishes at its fixed rate of decay. 

On the basis of these facts Libby began, in 1949- f series 
of experiments with the radio-carbon cloch which—with pro¬ 
gressively inci'eaiing refinements—have been carried out ever 
since in many countries. The methods involved are both 
compLjcaied and time-consuming. At the present, one single 
measurement uWes at least 48 houn. Originally Libby woiLcd 
with solid carbon. He obtained ^is by burning the object 
under investigation and collecting the resultant carbon- 
dioxide gas; the gas was then, by means of reduction with 
mafiiiesiutn {separating the oxygen content from the COJ, 
changed into carbon which could be tested by a Geiger punter 
for its radioactive intensity. Nowadays the tendency is more 
and more towards investigating gaseous and fluid forms of 
carbon-hydrogcu compounds whose carbon contents arc 
natumlly derived from the object utider investigation. Acet^ 
leue gas with the aid of which a great dal of research 

is now being done* has proved particularly practical and time- 
saving. But even the famous Geiger counter h^ now been 
forced to retreat into the background, for this extremely 
sensitive Lnstrument unfortunately reacts to every chance 
radiation in the atmosphere or from surrounding objects, and 
therefore lequires especially elaborate precautions as regards 
shielding, the taking of measurements and their ultimate 
intctpreiaticm—all of which difficulties tend to make the 
eventual results inaccurate. In preference, therefore, use is 
made of the scintitlation-countcr which, in [90s, was intro- 
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duoed in its primitive torm by Williaiji Ctookiei into the 
held ol atomic phy^cs for the purpose of counting elementaTy 
particles and measuring their electrica.1 charges. This appara^ 
tu5 consisLS prlncipaUy oE a fluorescent film which rcacti tO' 
each impact oE an elementary radiaticri particle with a tiny 
scintillatiDn which can then be photographed. 

Marvellous as the Ennetioning of this radio-carbon clock 
appears lo be—and it will become even more so with further 
development—it suiters fronn one severe handicap: a far too 
short half-lifer What arc a mere years to palaeontology? 
After this period its radiations, which even to begin with 
were extremely weak,, have sunk to halEj which mcanB that 
after roughly sBjOoo years it will radiate at only one thirty- 
second oE its original strength^ barely suHicient to provide a 
basis for any reliable caleulations. For this reason, during 
the early years when this method was used, the upper limit 
of absolutely reliable dating had to be reitricted to aojooo 
years. Orly after the sjclntillation-countcr had been brought 
into use was it believed possible to go back, theoretically, to 
44,000 years. Optimistic opinions Eram the United States arc 
hopeEuI of covering periods oE as much as Sc^ooo years, and 
although this would be of invaluable assistance in investigat¬ 
ing the later Pleistocene and subsequent pcrlotls of Man’s 
development, tlie Fithecanthropui period still lies hope- 
les^y beyond the reach of this method oE dating. So far only 
archaeology has made any significant use of it, covering the 
prehistorical period as far back as the new men 

Now extremely recently a new and almost unbelievably 
accurate method of dating has been brought into use. This, 
like the radio^:arbo^. method, is a type of atomic dodt; but 
it spans millions of years. The working of this dock is based 
nn the ejtiocssively slow decay of the radioactive isotope 
potasslum-jo into calcium-40 and the stable isotope argon-40, 
and it is from the quantity of potassium that has changed into 
argon {an inert gas) that the lapse of lime is calculated. To 
discover the date oE a rock by this method it is only necessary 
to establish the number of potaEslum and argon atoms in a 
potassium-bearing element in the rock in question. But for 
the purpose oE dating fossils it Is csgcntial that the rock in 
which they have been found was actually formed at the time 
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these IomlI l>citie» existed. In the case of the Olduvai |;orge, 
in the dating of Zinjanihropm (see p. 165), the perfect roct 
existed—volcanic tuiF or ash contaicimg the necessary potas- 
Sium-beartiig mineral. The accuracy of this means of mcasuv- 
ing time is indicated by the fact that the quantity of argon in 
a rchck sample can be measured, by means of an instrument 
called a mass-spectrometer, to within a ten^thotisand- 
millionth of an ounce. 

One striking thing about these latest measurements of pre¬ 
historic time is the shortening of all hitherto accepted time- 
spans. Thuj, in the Haua-Fteah cave in Cyrenaica (North 
Africa), a Neanderthal Tower jaw was found which^ according 
to the method, must have been about 34,000 years old. 
Hitherto anthropology had dated the extinction ol Neander¬ 
thal Man at about &0-64 thousnind years ago. But the more 
remote datings hy the radio-carbon method still show a fairly 
wide potential margin of error, and too much signiUcance 
should not be attached to allegedly precise values. However, 
certain changes in the time-scale may well become necessary 
in the light of huure datings. 

Virtually nothing is known about the line ol genetic 
descent of the "new men" from the older types. Wc have 
already seen that these early men—with the exception of the 
Xeanderthalers—have left very scanty fossil remains. Even 
the Neanderthal group is CHtremely diverse in detail, and 
skulls from different places show their own local pecuHarities- 
Ehringsdorf and Steinheim man were not identical, any inun: 
than, amongst present Man's true ancestor?, Sw-anscombe 
man was identical vj-ith Font^chevade man. Each species or 
group shows diversificatEon into local races. Therefore these 
later men as we know thcni art not homogenous; insteadr 
they vary widely in size and in form of skull and skeleton. 
The one thing they have in common is the disappearance ol 
primitive characteristics in a pirocess of thorough "modern¬ 
isation ” which, in the case of many finds, goes so far that 
they are almost Indistinguishable from Homo iapieni. The 
transition to this final stage took place frCKm the different 
races so smoothly that even today there are ethnic groups 
which can only be regarded as pure, direct descendants of 
those " new men Indeed, some individuals at the present 
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dajf hivc sltulls of a ^hape quite Ldencica^ ^ith those of some of 
theiT PJeisi&ociic ancestors. 

From the "new men" onwards we are riclily endowed with 
fcis&iU. Ice-Age Europe, in particular, has been tboroughly 
explored and has provided evidence ol complete, distinct 
lines o£ deueiit. The African and Asian teiTitories have so far 
proved less rich in remains, although Asia in particular is 
regarded as the original home ot these higher stages of Man's 
development. Hut this deficiency is obviously attributable to 
less prehistoric research having been carried out in those 
remucer regions. 

One outstanding racial type is the Cro-Magnon, a name 
deriving from a cave near L« Eyzics, a village on the River 
Vfiire in the Dordogne region of France. Up to i8&0 the 
cave was entirely unlcnown. It was exposed by railway 
builders laying a new stretch of line, and in the cave were 
found human bones. The building contractors were public- 
spirited enough co hold up further construction wort until 
archneolcglsts could arrive on the spot and make an expert 
appraisal of this End. To judge from their bones, the Cro- 
Magnon men were tall (about C feet), had high, vertical 
foreheads, well-rounded shulls, scarcely any trace of frontal 
ridges above the cyc-sodeet-s, predominantly narrow noses and 
pronounced chin formation;. This description so much 
resembles present-day types that the obvious descendants of 
the Cro-Magnon men are those who live in the Dordogne 
today, the Easque; of Northern dpain, early occupants of 
Hesse and Westphalia in Germany, the Dalamians of Sweden, 
as well as the Guanches, the primitive Lnhabiianu of the 
Canary Islands. Numerous later finds, and—as was only 
subsequently remembered—.many earHcr dUregarded dis¬ 
coveries, indicate a very widespread distribution of this type. 
They were, in fact, the talented represeniatlves of the most 
highly developed Ice-Age culture, the creators of the nume^ 
ous cave paintings which date fro™ the last great Glacial 
Period. 

Closely allied to them, even though racially distinctive— 
a point that is, however, strongly debated—is the Grimaldi 
type. These take their name from the GrLm:alidi grottoes near 
Monte Carlo. Altogether there are nine iiot very deep caves 
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eroded out oE the Mmeitonc, from whkh> since 1S7J, a total of 
siTtteen well-preserved skeletons, obvitwsly ceremonial burials, 
have been recovered. Tficjc have irduded men, women and 
children. Their average adult height was about 5 feet 4 inches, 
seneralljf well below the CTO-Magnon size. On the other hand, 
one male skeleton is 6 feet 4 inthes tall. The shapes of the 
skulls strongly suggested negroid affmilicsr but this is now 
considered to be the result oE faulty reconstruction. A number 
of characteristics seem to connect them with Cro-Mapon 
man; but others suggest a resemblance to oontempoiaTy North 
Italian, Lombardic types, so that it Js far more likely that 
they are related to early ancestors o£ the latter. 

Other racial types too are known from this pcT-iixJ in 
Europe, diEering somewhat in skull proportions^ and dearly 
the ancestors of present-day racial groups. Some of the speci- 
mens of Cro-Magnon man show rather pronounced brow 
ridges, and some anthropologists have tried to suggest that 
these forms represent intermediatea^hybrids—bctiycen the 
two gioups ot Neanderthalers and "new tnen^‘. It is almost 
certain, however, that such heavy-browed individuals were 
merely deviations from the standard Cro-Magnon form, and Ln. 
no way represent hybridisation with the Neanderthal stock. 

The finds oE " new men^' have in recent times become 
very w’idespread geographically, England, Gei manyH Italy, 
Russia, Siberia, North, Central, and South Africa, Palestine, 
China, Java, Australia, have all contributed spetimens. In 
every ease, the "new men" have very clearly outgrown the 
stage of the "old men". From time to time characteristics 
reminiscent of Neanderthal man appear-—and, as in the rase 
of the piedmont form of Cro-Magnon man, it is probably best 
to regard theca, as deviations from the normal form rather 
than as evidenra for interbreeding with Neanderthal man. 
From the chronological point of view, of course, such inter¬ 
breeding would have been possible, as Neanderthal man 
lived contemporaneously with the " new men ”—especially 
in, say,. North Africa, where isolated populations of Neandcr- 
thalers lived on after their relatives in Europe had died out. 
In the present state of knowledge of Man's ancestors, it is 
probably best to discoum interbreediug of this kind until we 
have more evidence. 
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The Lnmaiiifini te the pment-^day races of Homo sapiem 
arc so imperceptible tha.t no hard and fast lines can be drawn 
inyivhcrc. Indeed, the diversity of itl bumaii types starts 
from a date far back in time, an untiiowii date^ when the 
process of racial diEerentiation bc^n and tbe features of 
present-day Man were first delineated. 
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Robmson. Crusoe Cultures 

It was in July 1^04 that the English galley Ctn^ue Ports 
dropped anchor near the isl-antl of Mas s Xierrsij which, lies 
in the South PaciHc far off the coast of Chile. Mas a Tierra 
is one o£ the Juan Femandet group—a cluster of complcitly 
uninhabited islanda which had provided, ever since their 
first discovery, a welcome retreat for pirates on account oE 
their Temotenea, Here water could be replenished, booty 
shared out, and a period of recuperation enjoyed before 
embadiin^ on fresh buccaneering oepeditiona. On this 
prticular occasion a twenty-eight-yeat-old Scottish sailor, 
Alexander Selkirk, had fallen foul of the master of the Cin^iw 
jPbrfj^ a highly dangerous thing to do in the harsh sea faring 
conditions of chose days. The master disposed of Selkirk by 
simply mamonLng him on the dcnietted island. The trouble 
maker might thereafter fend for himself as b«C lie could. If 
he were fortunate, he might possibly be taken off by another 
ship; if not. that would be Ms Imd luck. 

Now Selkirk had sailed all over the world and happened 
to be a man of nesoui-ceful character. He knew very well that 
he could not depend upon the opportune arrival of a chance 
pirate ship whose crew were in need oE relaxation. Yeats 
might pass before this happened <in fact, he was not rescued 
until February, 1^09). Certainly he would have perished 
miserably in a very sEiojt time, had he not immediately and 
most energetically done everything possible to ensure his 
survival for an indefinite period- He possessed nothing but 
the strength of his bare hands, the courage of desperation 
and an intelligent mind. Thus equipped, he took up the 
challenge of the wilderness and became the woTld-famous 
model for Daniel Defoe's Robinson Crusoi^ 

The persistent popularity of the Crusoe story undoubtedly 
derives bom the almost unique drama of one defenceless 
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lu^ii's fight for naked survival against the primitive iivorld 
around him. We all know how Cmsoc^ in the book, took 
refuge in a sheltering cave, made fire by the primitive method 
of savages, shaped stones and pieces of wood to form imple¬ 
ments, coUcett^ fruit and stored up supplies, hunted wild 
animals with courage and guile, niadie his own clothing, 
improved on his weapons, and did and invented a hundred 
other things which finally made him master over the wilder* 
ness and its animal inhabitants, A triumph tii the human 
mind and Its abilities. 

Quite unconsciously Defoe had, in fact, compressed into 
the course of a few years in 3 man's life the whole Story of 
the development of primitive Man who, in important respects, 
resembled Crusoe to an astonislilng degree. Naturally Crusoe 
and Selkirk enjoyed one appreciable advantage: they came 
from a CultuiaJly advanced society, and—the cultural level 
of the individual plays no part here—were endowed with a 
knowledge inherited and ajccumulatcd from the experience of 
countless preceding generations, Primitive Man, in contrast, 
had to fumble his way to this knowledge, discovering it and 
acquiring it by infinttesimaL stages, Crusoe knew what he' 
had to redUco\'CT in order Co deal with thU or that situation, 
an advantage that was denied to early men. 

It has already been mentioned that during the Tertiary 
the physical evolution of Man proceeded at a snail's pace, 
while during the Pleistocene It raced headlong forward. 
Exactly the same happened in the Case of his mental and 
cultural development. This is particularly noticeable if wc 
consider Man's progress during the boo,t>oo years of the 
Pleistocene that followed after the Villafranchian Stage, that is 
the actual period of the Ice Ages* It scems as if, about the be’ 
ginning of the Icc-Agc era, the pre-hominlds of the Tertiary 
had not yet surpassed the animal-ape le(vel of existence. It is 
well known that a great many apes recognise dearly which of 
the fruits among the great variety growing in their native habit¬ 
ats arc enjoyable, and which arc not They know what kind 
of birds lay the largest eggSH which insects can be approached 
without risk of poisonous stings, and they also understand 
clearly the optimal conditions for survival in their own 
environment. They use cudgels for getting their prey, stones 
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tor kngcking down nuts itjd alfio a effeetivt weapons. Somic 
decades ago a film of an expedition in Africa showed a herd 
of baboons Heeing from a leopard. In the cwltsc o£ their flight 
they crossed a stream strewn with boulden and one baby 
baboon was left behind helpless on a nodt in the middle of 
the torrenl. With furious chattering, tbc tyrannical patriarch 
stopped his herd, and, as if at a eommand, they all started 
bombarding the leopard on the far banlt with an ab$oltice 
barrage of stones, until finally the beast tvas forced to turn 
tail. Under this “covering fire" the leader rescued the baby, 
and then the tyholc herd continued on their way. Obviously, 
the use of hard, bandy stones as a throwing weapon Is not a 
prerogative of early men. Similarly, the herd and family 
instinct, the impulse to help each other, is deeply rooted in 
the animal nature. Thus tbc use of fire is probably the only 
advantage that the AuslraUjpithecines had over their ape 
contemporaries. For at that Stage of evolution speech cannot 
have developed beyond conventional noises which are to be 
found throughout the animal world in a thousand variations 
and gradationSr The chlmpamees, in particular, are credited 
with using widely diBEereniiated vocal sounds. 

So the primitive culture of evolving Man started at tbft 
point when fire was first deliberately u^ as a source of light 
and warmth iu the night and in the darltness of caves and 
when conscious fashioning of tools began. This latter process 
commenced, so far as our present knowledge goes^. in the late 
Tertiary, since stone tools were found in the same rock layers 
as Zinjanthropui^ which the potassiuni’argon method dates 
as cansidctably more than one million years old. With regard 
to that Other criterion of awakening cultures, tbc technique 
of producing fire artificially, it seems Certain that k was not 
discovered widely and simultaneously. So Eat as we think we 
can tell, knowledge of it spread cMrcmely slowly, and fire 
appears to have been regarded as a normal cultural asset only 
when the Neanderthal level had been reached. 

Hitherto stones, also, had only been used casually and 
then discarded. When and where the first attempt was made 
to shape Stones, and to keep them for prolonged and repeated 
use as tools, will never be known. It is possible that the first 
step in this direction was made by some single primitive 
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genius who was then imitated by his kin and iricmbcrs of hts 
tribe, who recognised the usclulncss of his invemiofl. \foM 
probably, hmvcvcr, a great nurnber of such " gtnitaSiS ” existedj 
for the rapid spread □£ stune-TvOrkiug over the whole of the 
inhabited world could not have resulted from one single point 
of origin, the numbers of primeval men being too small for 
continuous contact to bo maintained over the whole of the 
world's vast land areas. The attainment of a certain mental 
level wai all that wai needed for the phenomenon of the 
Stone Age to appear wherever primitive men dwelt. The feet 
that the technique of stonc:-working developed^ by and large, 
along roughly similar lines in diEercnt placed is a result of 
the limited niimber of possibilities of shaping stones^ which 
were very much the same the world over. 

The question ^ " What can he done with a mere stone f' 
has been probably answered as exhaustively as po»iblc by 
early men. They produced all the basic hand tools which are 
still in use today, such as knives, hammers, saws, fUcSj planes, 
drills, chisels, as well as weapons for striking, stabbing-and 
throwing. Certainly for more chan half a million years the 
stone was Man^s most powerful aid to cultural and intellectual 
progress. This was eipctially the case with the flint, which 
enjoyed great popularity because of the case with which it 
could be split. Its property of emitting sparks when struck 
bard also made it the most important means of producing fire 
artificially. Indeed, right up to comparatively recent times ii 
was used as the means of “flring" flintlocks. 

Stone artifacts have proved to be vitally important in trac¬ 
ing the course o£ Ice-Age cultures. We have already seen how 
eitceedingiy scanty are the surviving traces of the men them¬ 
selves who used these implements. We would know desper¬ 
ately little about the evolution of Pleistocene Man lE the vast 
quantities of stones they worked had not told us so much that 
we need to know. Everywhere, over and over again, it is stone 
Implements which hai'c revealed where men lived and how 
they lived. Their hudies may have decayed, disintegrated and 
vanished, but the flint traces o£ their days on Earth still 
survive after all those eons. 

Naturally, such a wealth of Sites and finds cannot be sur¬ 
veyed without some systematic arrangement. Therefore the 


tniiiTi pcriodi are comprehensively and clearly divided into 
PalaojliihicH Mesolithic, and Neolithic, Of these the Palaeo¬ 
lithic is by far the lonEOi- It lasted from the beginning of 
the Pleistociene until about 10,000 e.C,— thit is, well after the 
appearance of Hoina jopieiw on the scene, Thtj eittent of 
time necessitates, a further aubdivision into Lower, Middle 
and Upper Palaeolithic, The individual culturea fit into these 
main divisions. The use of the term "culture ” is widespread 
in scientific circles, but to the layman it may seem rather 
strange when used in oornectton with the semi-anthropoid 
Pitk^conthfopii^ OT the barbaric Neanderthal man. It must 
therefore always be borne in mind that we arc not speaking 
of "culture" in its contemporary grandiose meaning, but in 
the much moio limited sense of the ran^ of activities of 
Pleistocene Man. Another term with a specialised meaning is 
"industry”—used by anthropolosists for the stone imple¬ 
ments made by a particular group of people, living in an 
area at a particular time. The names ol the cultures are taken 
from the first site where industries belonging to that culture 
were described. If on subsequent occasions more industries 
belonging to the same culture are found in remotely separate 
parts oi the world, they are still given the same name. As the 
most intensive work has been carried out in Europe, we find 
that the names of cultures arc mostly taken Irom localities 
in Europe, whilst in conCrast the separate industries bear 
local names. This scheme or system goes back to the French 
scientist Gabriel de MoriiUec who worked it out towninds 
the end of the last century. It attained its final form after 
many improvements, which were chiefly due to the eminent 
French aindiaeologist, Henri Breuil. 

Throldest true stone artifocts come from Africa, and it is 
doitbtBul whether they date as far back as the Pliocene, It is 
not really astonishing that Africa seems to lead the way here, 
for the spread of the human race In Europe, from whatever 
directions immigrations may have come, was, at the least, 
considerably delayed by the advance of the ice right at the 
beginning of the Pleistocene. Africa, icc-fntc and subjected 
only to periods of intense rain, had a sortwo years' start over 
Europe so far as the advancement of early Man vas concerned, 
anticipating many developments in the technique of stone- 



ROBinSd'M CRirSOE CULTURES 

wqrltin^ which only became commiou in Europe very much 
later. The sale possible exceptiom are provided by discoveries 
made in tlie ig4(j's alon; the Portugese coastal areas, which 
could be dated as Ear bade the Giin^ g^lacUtioo, These areas 
vi^ere never even threatened by the ice, and in fact were so far 
away that they would have provided favourable conditions 
for ecttlctticnCr Generally speaking, however, the earliest 
European cultural groups munt bc allocated to the first Inter¬ 
glacial, a warm period that lasted for 70,000 

This first culture was the Abbevillian, named after the town 
of Abbeville on the Itiver Sqmme in Northern FrancCr (The 



Hand-axes] left, bom North Ahrica; centre, from 
Abbeville; right, hnm itie early Acheuhan 

Abbevillian includes the so-called prc-Chdlian and early 
ChelHan cultures,} By ooinddence, this is m>t only the earliest 
European culture in the historial sensCj but also the first 
ever to be discovered- It was round about 1837^ a time when 
the existence ol prehistoric men was violently disputed, that 
Jacques Boueber dc Perthes (lySS-iECSj the chief of customs 
Ln Abbeville, came on tlie scene. He was an extremely versa¬ 
tile and gifted man with the vivid iiraE't>at>*n of a Jules 
Verne. In hii time there had been discovered in South France 
the stelctal remains of our old friend the Tertiary anthro¬ 
poid, DryopiihecuSr Erom that moment he was obsessed by 
one fixed idea—as wa.s bis conTemporary, the lawyer Edouard 
Lartet, later a famous cave-eKplorer—that men must have 
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<!Kisied during the Terciity. ThereEoinc ii was Mcessaty to 
ioart^h for TOtnafna, in the way that one looked for animal 
fossils. Aiid so he searched. The area he chose was the Somme 
valley where he knew quantities of bones of manmnoths, wild 
horsesK cave bears and stags had aineady been discovered. In 
addition to further animgl remains^ he also unearthed a 
number of very oddly shaped stOneg, such as had always been 
found here and there and bad been dismissed casually as 
freaks of Namre. Now even though Boucher de Perthes ivas 
no eKpert in geology and managed to confuse Quaternary 
and Tertiary strata, he was far from stupid. Suddenly these 
stones caught his attention: their shaping was no "freak of 
nature", but the result of purposeful work by the hands of 
men. This was his brilliant idea, which he boldly made public. 
Unfortunately he went somewhat too b»r, for he attributed 
the stone artifacts to the Tertiary System, attemptirtg thus 
indirectly to prove the existence of Tertiary hTan. He was, as 
a result, ridiculed to death by the official world of science 
and sent back to his pigeon-holes. The stones continued to be 
regarded as "freaks of nature" until Sir Charles Lyell looked 
into the matter and shattered the naxTow-minded CBmplacency 
of his contemporaries. Artificially worked stones had^ of 
coune, been found here and there, at various times and in 
various places, but his opinion was that none of these were 
Tertiary—they were all of Pleistocene origin. 

With that the conception of the Stone Age was horn; and 
the cultural achievements of those still hypothetical primitive 
men were thenceforward known to science as the Ice-Age 
cultures. The actual nomenclature accepted today was estab- 
lished by Breuil when he set ont the chronology of these 
various lo&Age cultures. 

Fresh ideas in the world of natural sciences always have 
great difficulty m making their mark and becoming generally 
accepted. A stone fashioned as an implement presupposes a 
prehistoric man who mujt have made it. But acceptance of 
this fact only gained ground during the second half of the 
last century. {One only has to think of the jfatc of the Neander¬ 
thal discovery, which was made at about the same time as 
bitter battles were being fought over the recognition of 
Boucher dc Perthes' stone implements.] Decades passed before 
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the iiuTnensc value of these "freaks of nature" in elucidating 
prehistory was giuduatly ippreciaied, and then Pleistocene 
sites all over the world were plundered for their treasure. 
Slowly there arose a school of specialists who studied the now 
vast quantities of scone implements th^t had been unearthedj 
and classified them and finally svere able to rcco^ise the 
different techniqui;^ of working and to distinguish and 
appreciate theit evcr-increasing refinement. 

It may not be immediately obvious how such apparently 
trivial differences can be sufficient to enable the archaeologist 
to distinguish between widely separated cultureSr But here 
science t^s given full credit to the mental abilities of primi¬ 
tive Man. To USj today, their achievements may seem a mere 
nothing (and they would assuredly have seemed so to Robin¬ 
son Crusoe, who at least knew what he wanted): but for the 
Ice-Age men, behind every new tool, every new form, every 
fresh method of chipping atonCj there was an ids, a new 
discovery of things which hitherto had never existed, things 
\^'ithont precedent or prototype in Nature. What does an 
aniifna.1 know of the usefulness of a pointed stone axe for 
stripping the hide oif tis prey, of the advantage of thin stone 
blades (or chopping up meat or splitting bones and wood, of 
the use of handy scraper? (or cleaning a desirable pelt, or the 
increased power of a pointed flint when secured to a piece of 
wood with sinews or fibres ? Yet all these advantages became 
knowrt to Man. xAnd every new device reflects a correspondiivg 
intellectual advance. 

This problem a( "handling" stone was not^ howeverj 
tackled in exactly the same way by the various types of early 
men in different parts of the world; nor was it always solved 
in the same way. Although the effect of the usefulness of the 
manufactured implements must have been much the same in 
every case> quite distinct methods of working were devclopedj 
which are clearly characteristic of the cultures concerned. 

Two important kinds of tools are known—those such as 
the hand-axes and choppers or cleavers, based on the central 
core of a flint from which flakes have been removed, and 
those where the flakes themselves are utilised. It is impossible 
to produce a core tool without also making Hakes, and it was 
usually the case that in any industry some of the flakes would 
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be used for sLDall aiidllaTy tools such as scrapers. Tht relative 
importance ol the core a^d Hate tools from mlturc to 

ciilLute Hand ases were stout lumps of fimc which ficied 
cemfonably into the hand and were pointed or aharpcncd on 
one or l>oth sides by beating on an anvil formed by a bigger 
stone Most likely they served ai general purpose tools. Some, 
with a siraishter tiansvcrse cutting tact^ were probably mostly 
used for chopping, and equivalent cools survive to the preset 
day in primitive societies. In general, the evolution of flint 
utilisation progressed more and more in the direction of the 
finer and more delicate working of flmt llakc-toals, whtch 
reached a climax in the very slender blade-lihc flakes of the 
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The Abbevillian was a purely hand-axe culture which, out¬ 
side Western Europe, i? known to have existed chiefly in 
North and East Africa. In South Africa it is reprinted by 
the Siellcnbflsch stage, one of those local appellations which 
crop up so irequendy. lu Europe this culture spanned the 
whole of the first Inteiglacial Period (aboiut 70^000 years> 
aud its bearers, from all that we know, must Slave been those 
archac anthropoids hitherto familiar to us as Heidelberg 
man, Pithecunlhropui, Apicapthropui and Smanthrt^ti^r 
Out ci.£ the Abbevillian there developed in Africa, and 
spread subsoqueudy to Europe, the Aeheulian, naturally a 
f^nd-axe culture also. It is named after Saiut Acheuil, a 
suburb of Amiens in tbe north of France. To a certain extent 
the Abbevillian was a very primicLve culture, covering a 
period when the use of stone was first discovered-^nc- 
working being inefficient, crude, almost haphaMird, and the 
implements mostly fashioned on one side only: whereas 
during the AchcuUan stone tools were m general ^nd 
minufaciurc, and the quality achieved was high. Indeed, 
within their physical limitations, these later, extremely 
versatile, doublMided hand^ixc implements were finished to 
such a degree of excellence that a certain cultural si^ation 
actually set m, which was dispelled only by fiubsequeat 
mingling with other cultures In comparison with the Abbe¬ 
villian, the Aeheulian lasted for a very long tune, roughly 
jigo.ooo years, and has, in consequence, been divided mio 
Lower, Middle and Upper Aeheulian. Of these, the Upper 
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Achculian h already nKKJcm cnflugli to form pari of iKc 
Middle Palai^cliihic, whilt the first two round of! the Lower 
Paboolithic. From what we know of the dfivelopmcnE of 
mankind# tfie culture^bearers of the Ltnvci AcHcullaTi ivere 
flidll iTChae-atithropoidi who# from the Middle tn onwards, 
must have been gradually superseded by palae-anihropoids 
of the Swanseombe and Steinbeim type. So far as Europe is 
concerned this characceristtc line of development is chiefly 
in evidence in the west and in Southern England. It becomes 
rarer in Central Germany and the more so the fUTther east. 
Africa, being the homeland of th™ types, is almost every- 
where rich in hand-axes of this epoch; and, since they are also 
found in places in the Sahara which today are most irthespit- 
able to manj it must he concluded that the pleistocene pluvial 
pbisea—rainy periods corresponding to the northern glacia¬ 
tions—turned this area into a comfortably habitable region, 
something w'hich men today arc vainly striving to bring about 
again. Discoveries have shown that further waves of the 
Achculian spread acros Palestine and into India, and this 
is iio matter for surprise. The abundantly fruitful strip of 
oases forming Egypt seems ta have been continuously serried 
ever since tire days of the Aclreuliaus, a pcriodl of about 
dSojOoo years. 

In the group of the flakcd-tool cultures, which did not 
possess the hand-axe, the chief European representatives are 
the Clactonian and Lavalloislanr Although the main distxjvery 
site after which they were named—Clacton'On-Sea, a coasial 
resort in East Anglia—belongs, on the evidence of contem¬ 
porary fossil fauna, to the second Interglacial, this cukure 
may perhaps be traced back even farther, to the first Inter¬ 
glacial, in which case it would have been, in part, contempor¬ 
ary with the Abbevillian, Its main cliaraclcristics are simple 
flaked-impltments, most of them with a. broad, one-sided 
striking face. Double-sided examples anq unknown. Further 
shaping of the flake after k had been split off was, at first, 
slight and primitive, and only during the Middle and Upper 
OaCEonian did tbc pnoce^s become more elaborate nnder the 
influenoe of other sLylp%tic dement finally achieving a 
highly finished result. This technique undoubtedly lasted 
until well into the third Interracial In Africa it is only 
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sparsely evidencej but ii is considerably more common in 
India and Java. It is very unlikely that any sort cultural 
cross-fructification bccv^Mn these two widely separated regions 
{Eastern England and Eastern Asia) could have talien place 
during the Lower CJactonian. Futtliermore th^ was quite 
clearly no close contact and obviously no intermingling 
between the Clactonian and the hand-axe cukures of near’by 
France, So it must be accepted as a fact that the same dis¬ 
coveries were made independently in different parts oE the 
world- 

A particular stone-worting technique is characterised by 
the name Livalloisian. {named after a place near Paris), Ey 
this method it was possible to produce flakes that were bo 
perfect for their intended purpose that scarcely any further 
work on them was needed. The typically LavalloLsian tech¬ 
nique of striking flakes off a jo-called " tortoise-coremay 
quite possibly have been developed independeiitly in differ¬ 
ent parts of the world. 

Another further development of the Clacionian may well 
be the Tayacian, in which the teebniques and basic styles of 
various cultures are mixed, with the Clactonian predominai- 
ing. The timc-scqucnce of these cultures is still in dispute. 

The important Mousterian culture belongs to Neanderthal 
man. It seems to have developed from the Clactonian, but 
was apparently influenced at times by the techniques of the 
Acheulian and Lavallolsian industries. The first industries 
leadiirg to the Mpusiefian tradition belong to the third Inter¬ 
glacial, associated with, for cKample, Ehrlngsdorf man. There 
is some doubt as to whether Font^chevade man was respons¬ 
ible for the Mousterian implcmenu associated with his ^ull, 
or whether these tools belonged to early Neanderlhalcrs who 
happened to surprise and kill the Fontichevadc individuals. 

Ac this point ic is hard not to pay a small tribute to these 
"barbaric annibals", the Neanderthalers. They were the 
first men of whom we knotv tor certain chat they " stayed at 
their posts when the glacial periods approached, breathing 
a chill over the hitherto warm continent of Europe: and they 
survived during these inhospitable times In the rock shelters 
where their remains are now found. All other discoveries of 
human Tcmains in Europe havtf without exception, been 
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aligned ro one of the warm perifKa^,. Those two types, the 
Swan^conibe and Foiit^chevade men, who wenc an the csxilij- 
Etonary line of the true men and ivere already aiiperiar to the 
Neanderthalcr^ certainly shared Europe with their ancestors 
during the Great Interglacial. After tl^t, however, they tnusE 
have vanished. The possibility of a migration south into 
warmer regions suggests itself. But is this really tenable? It 
must he borne in mind that the gladers of the Wilrm advance 
did not simply tahe a single generation by surprise. Hundreds 
of years must liave passed before the approach ol the ice 
became apparent. The proibably short average age of the men 
of chat time would not be suRleicnt to register any deteriora¬ 
tion in the climate. Even the oldest and wisest grandfather 
would scarcely have had any recoLection that in his youth 
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the days somehow seemed to be warmer. Moreover, at the 
Neanderthal level the capacity for speech would have been 
still very limited so that complicated communications were 
ruled out. Also lacking, of course, was any knowledge of ^r 
aivay, climacicaJly more favourable regions which could he 
reached by migrating. Every new-born generation was aware 
only of the climate in which it grow up and knew nothing 
of former, earlier conditions long ago. In so far as it is per- 
miuible to make any hrm assumptious about a subject on 
which so little Is known, it may be assumed that these warm- 
period types simply died Out. At all events, the Neanderthal 
men domLHiated Europe during the cold periods at the stirt 
of the Wiirm glaciation. 

The Monsierian iuelf was a pure flake-tool culture, but 
waa no longer uniform tliroughout all the region^ it covered 
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(is far off aj Soojtti Russia, Syria and PaJcsline]. The influenM 
of other cultural clenieuts seems unmistaliablfl here and 
there. Almost alivays the stone implements are very carefully 
and neatly finished off, so that the mnlters may have possessed 
a certain artistic sense. On the other hand, it may have oome 
about that a group of craEtsmen developed a certain (aeility 
for the tvorlt. This would have meant a division of labour 
within the dan or horde, and tliua the discovery of organisa^ 
lion ai such, a discovery which had to be made suddenly sooner 
or later and which would certainly have been possible at the 
Neanderthal stage, Hitherto mankind would only liave known 
the division into man and woman as decreed by Nature, Man's 
life was taken up tvith the effort and hazard of hunting, as 
well as with occasional battles; women tended the children, 
kept '■ house ” and uudertook the lighter work, such as gather¬ 
ing fruits. The fashioning of stone implements was certainly 
the ^ of everyone. But later, posibly, men who were 
crippled or had become unlit for hunting or fighting, would 
have specialised in, stonfrworliing fl,nd thus brought about 
such a division of labour. There comes to mind Wleland, 
the skiUed smirti of the Nordic sagas, for whose hideous, 
deformed figure a Neandcrthaler might well have been the 
perfect model, 

With the Neandcrdtal men the Moustcrian culture m 
Europe flourished aud died. About 60,000 years ago, still In 
the middle oE the Wilrm glaciation, the Upper Palaeolithic 
began. The hand-axe and flake-tool cultures, in the original 
Lower and Middle Palaeolithic sense, were superseded by 
the true, genuinely artistic bladc-cnltures which emerged 
with the new men of the Cro-Magnon type. The great era of 
the Icc-Age cave-men, with its astonishing wealth of genuine 
works of art, bad begun. 
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Wonders of the Ice-Age Caves 

Xh E Upper Palaeolithic Em which noTV follows coincidcB 
I'ouglily with the second half of the Wiinn glaciation^ lu span 
IS generally as&unied as eicteod iog from the dose of the 
MousterianK about 60,000 years ago^ dotvo to the-disappear¬ 
ance of the glacLcra in the far nor^ o£ Sweden, about ij,doo 
yean agdr During this period there existed three great 
cultures [ the Aurignacian (named after Aurignac in the 
Preneft D^paitcment o£ Haute-Garonne^, the SolutriaO (after 
Solutr^ In the RhiAne valley) and the ^fagdaleniao (after the 
semi-cave of La Madeleine in the Dordogne). Within the 
framework of these cultures, the systcmatology o£ prehistory 
has been still further elaborated and distinguishes a whole 
scries of cultural gradatiorts which are identihed by Roman 
rtumerals and sometimes by individual names. For our pur¬ 
poses these extremely fine distinctions ate little to the point, 
their existence being mentioned only to show the intensive 
care and attention to detail devoted to research on the subjec*. 

While the division hetween the Lower and Middle Falaeo- 
Lithie L hazy and far from obvious {for which reasons certain 
prehistorians do not recognise hj, the dawn of the Upper 
Palaeolithic is as clear as ^ylightr At this point there really 
lies a dividing line as distinct as that which separated the 
Tertiary from the Pleistocene at the time o( the first advance 
of the ice. It is distinct because, with the end of the Mousterian 
(Mousterian II)j the culture-bearer Homo neatiderthatumis 
for some reason disappeared from the scene and made wsiy 
for new men of the Cro-Magnon races. The latter, vfith their 
highly developed technique, supplanted all former Stofie-Agc 
culture, replacing it with their own. Where they came from is 
dilhCLilt to say. Africa, which gave Europe the hand-axe 
culture, seems the moat liltcly place. But U may have been 
from the east or even possibly the north-east, for the direction 
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of ad^'ancc o£ ihe fluciuating iM-cap during the most 

be talien into account as a powerful motive for migration. No 
people would voluntarily migrate from a favourable climate 
to ati unfavourable one. Only the reieree proccw would be 
reasonable. TheieforCr during the Aurignadan, the area 
covered by Spaln^ France, Southern EnglandH Southern 
Germany, Austria, Hungary aud Southern Russia must have 
offered mure aitractivc living conditions than homelands 
which perhaps lay mucli farther to the north. Some authori' 
ties couaider Hungary ai the place of origin oE the Solutdan, 
and regard the Magdalenian a* nothing more than a natu^l 
subsequent development of the Aurignacian in territories 
already settled. 

Mention has already been made of the physical development 
of the Cro-Magnon types- Their mental evolution and level is 
leHecied in their cultural legacy. The cave regions of Southern 
France and Northern Spain are one vast prehistoric museum^ 
containing treasure houses full of works of art which testifj' 
to the maturity of their creatotS, Bui it would be quite wrong 
H> conclude from this that the late Palaeolithic men were 
predominantly cave-dwellers- Of course they did inhabit 
caves—wherever they could find them» as in limestone or 
Alpine regions. But generally ihey lived in the open country, 
even during the hard winter months. The attraction o£ having 
a '■ roof over one's head ” has, since the days of earliest Man, 
been cKprcsied in the building of huts of all sorts and nzes 
and of increasing complexity, constructed from twigs, animal 
tkins and wood. Caves—often very deep and labyrinthine, 
and oppressive and frightening in their absolute darkness— 
were not such desirable dwelling pkccs On the other hand 
they were ideally suited to mystical cnlt-ritcs and were, 
indeed, as we shall see. widely used for this purpose. But for 
living in, only the entries and passages accessible to daylight 
were used- For this reason thq numerous semi-caves—(ibrn, 
as they are called in French—were very popular. These fl6™ 
were formed by running water washing away easily soluble 
rock from beneath hanging masses of harder rock. 

The intellcctuil level, compared to that o£ the Ncandcr- 
ihal, rose sharply, the most Important single fearurc being the 
development of speech, which finally became a fiLient and 
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catpressive mean^ of coifnitiunication. Up w the early Neander- 
thalj the capacity oE tninkind as a ivliole in thia reapect had 
praE}abLy been extremely limited. From simple stmnda with 
difEeretit intonations there dtvelopedf very gradually indeed, 
childishly imitative but consiatent tnoncayllahlei indicating 
definite objecu, which frem the beginning, by reason oE hav¬ 
ing originated in widely separated regions and among many 
difEcrent Tucca^, led to dear differences Ol dia]cct^ Only with 
the numerical increttse of mankind, which brought aboojt 
increased contact ivith neighbouring tribes, must there have 
occurred an intermingling of languages, an exchange of 
vocabularies and, in consequence, an cnrichmcnE of the means 
of e:tpresslon. What was certainly lacking up to and including 
Neanderthal days was any linking oE elementary eKpressions 
into coherent sentences. For this the intelligence of the 
Cro-Magnon wa.'i nccesaary^ an intelligence which rose above 
purely factual, earth-tionnd concepts; for suddenly the 
"higher", abstract conceptions were there. We know that 
Neanderthal Man only very occasionally buried his dead. 
Upper Palaeolithic Man, in contrast, was familiar with a 
regular, ceremonial inteimeiit complete ivitb food supplies, 
ornaments and otlier sacri^cial gifts. He had, therefore, dis¬ 
covered the Beyond"' and was already thinking about the 
world behind the reality. His speech must, consequently, 
have Eiad definite expressions which brought such abstract 
ideas as gods, Spirits, demons into common usage, 

A further striking difference from primitive mankind 
appears in the increasing use of clotliing. Since the Urst hone 
" needlc.s" date back to the Aurignacian, we must conclude 
that clotliing first became "the fashion" at this period— 
exclusively to keep out the COldJ There is no support for the 
theory that with the af^keiiing of human intelligence there 
grew up a feeling of "modesty'", which at any rate at this 
stage of mankind's development would have been quite 
unnatural and totally unknosvn. It is much more likely lEiat 
clothing was later associated with the desire for adornment 
and also with an attempt at magical concealment, a trace oE 
which is found among civilised man today in masked and 
fancy-dress balls. The Eact that clothing was first invented in 
Ice-Age Europe and Asia is surely indicative. It never occurred 



AMU UllKN’ CAM IV MAN 

tQ the inhabitants in watmcT rt;gions to festoon their bodies 
with aniniA! sic ins; and such is the case even to the prcseoit 
day. Nevertheless, the late appearance on the accnc of this 
elemen Cary pMiteccion against the colii is rather extracirdiiiary, 
since it must have been almost a matter ol instinct to wrap 
oneself during daytime in a stin under which one must cer¬ 
tainly have lain during the night. 

But this again ia "thinking back" irom our own secure 
present- A skin ivound al»ut one means, first and lorcTnost. 
an unaccustomed impediment Co free movement. It must also 
be secured in order to stop it slipping off the body. And how 
ii that done? Crusoe would have been in no doubt. With his 
stone knife ht would have cut two arm-holes in the right 
places and worn the skin as a coat. Then it would certainly 
have occurred to him to bore some "button-holes" in the 
region oE the hips, thiough which he tvould thread deex' 
sinews, securing the ends with knots and loops- It is as simple 
as that. But Rohinsem Crusoe knew what he had to recon¬ 
struct; whereas primitive Man had to discover all this. So we 
must try to understand what a really difficult problem must 
have been posed merely by the tricky connection of knots 
and loops. A thousand such apparently minor obstacle had 
to be overcome by early Man; so there is little point in 
amazement at the "late" discos'Cry of such elementary 
things (in our contemporary view), and it is better to 
conclude that probably at every stage in 
Man'^s intcHectiual development there were 
more stupid people than clever ones, more 
opponents uE progres-s than advanced 
" geniuses 

Stone-working reached its culmination in 
the Upper Palaeolithic. The Aurignacian is 
sharply distinguished from the Mousttrian 
by its tools, which ivere predominandy 
fashioned in blade form. Probably bone and 
wood were extensively used for hafts. 
Narrow, pointed and delicate blades indi¬ 
cate, by cheir shape alone, the existence 
yo, Aurignaciai^of particularly adept and "experienced'' 
spear head traftsmen, Bonc, ivory and horn appear with 
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increasing frequency amen^ the implements. Needles have 
already been meniiDned. SnaiL-shcllsj animal teeth and ivoryj 
with holc!^ bored through, must have been used in ebe maiiu- 
Eacture of oriiarnents. During the Solutrian the socalled leaf- 
point culture bad a sudden refvival; it was typified by the 
very beautiEully formed and finished chipped atones in the 
shape of a spear^poini which had already appeared here and 
there in the last Interglacial, chiefly in East Europe. In style 
the Magdalcnian based itself on the Aurignacian, As we 
shall see, it represented in every respect the high point of the 
Ice-Age cultures. The use of bone, hum and ivory during 
the Magdalenian became so extensive that these mateiiais 
almost ovcTshadoivcd stouc in importance. Novelties in the 
langc of weapons were the one- and cwo-stded harpoons. 
Engraving and decorative carving on bones and ivory, which 
had already been practised in earlier times, new became 
comcnon. 

In the case of all Pleistocene men the struggle for citisience 
centred on the hunt. By ita success or failure life stood or 
fell- The captured prey yielded all that was needed: food 
for sustenance, bones and liOrns for tooils and weapons, and 
bones mixed with dried dung for fuel in the ice-bound, tree¬ 
less tundra and steppes. Skins provided protecdon against 
wind and weather, a rushioning againjt hard ground, and a 
coveting during the night. 

It Is very pirobable that an exclusively meat diet was 
restricted to climatically unfavourable periods and areas. 
During warm periods and in sub-tropEcal regions plants would 
undoubtedly have beet) the staple food- But even here there 
is widespread evidence of hunting, so that it must be regarded, 
in general, as mankind's most important activity. For this 
reason methods of hunilng were already well developed at 
the early stages of Man's histoiy, so much so that the " higher " 
min of the Upper Palaeolithic could not have beeri, in this 
respect, far in advance of his earlierancestotrsof ioo,ooo years 
and more ago. Pmctically everything that could be slain by 
spear or stone weapon was hunted. Obviously, men quickly 
learned to pursue young animals and the less aggressive beasts. 
But the stout hides and gigantic bones of elcpharits and 
rhinoceroses or bears proved irresistible, so that they were 
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attacked and killed ai frequently as cMicr prey. The plt^ 
trap, sloilltilly disguised Tvlth skins, was invented early on; 
and the device ol the battue (driving game) was used almost 
from the first—it was indeed an absolute necessity lor catch¬ 
ing fleet-footed prey. 

A Eatnous, now dassic, citample, o-f a battue area was dis¬ 
covered near the French village of Soluttd which lies in the 
RhAne valley in the neighbouThood of Mficon. Here, a slope 
rises gently up and cimIh suddenly in an abrupt drop of mote 
than 1,000 feet. At the foot of this rocky cliff were discovered, 
in iM 5 , enormous numbers of bones of wild horses. Accord^ 
ing to recent estimates at least 50,000 horses must has^e died 
here, not to mention wild cattle, reindeer and mammoths. 
The obvious conclusion to be drawn from this chamcl bouse 
is that the Cro-Magnon hunters must have driven hordes of 
horses up the slope and forced tbemi to plunge over the top 
to their death; then, if necessary, they could be conveniently 
finished off. Not a very sportsmaii-lihe pioceeding—but this 
was, after all, the Stone Age. 

However, figures in this case may be misleading, A total 
of fifty thousand horses i« a Lremendous lot and Suggeats some 
wild, insensate mass slau^ter almost amounting to local 
eKtermination. But the fact is that this region of Solute^ was 
settled over a very long period. Excavations hero have 
unearthed one oE the richest finds of stone implements and 
tools from all three Upper Pleistocene Periods. Assuming 
that the lapse of time from the beginning of the AutignacEan 
to the end of tlie Magdalcnian iras 50 mh> years, which U 
could well have been, this would mean that, in effect, an 
average of only one ]vmt: a year fell over the cliff, which 
could quite well have been no more than pure accidenL, But 
a calculation of this sort is almost certainly fallacioits; for all 
the circumstances point to this being the site of a battue, even 
though the huge number of animals becomes less astonishing 
when spread over such a considerable period of time. 
CrtJ-Magnon Man would certainly have bad enough sense not 
to indulge in a pointless massacre of valuable prey, aii.d only 
to hunt and kiU as many as he required for daily use and for 
stocking an elementary larder, (Bones of Cro-Magnon men 
have also been found at the Solutrian site.) 
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Throughout the wholt of the Ice Age 
the tnanufacture of wapous wa£ deter- 
mined wlcly by the requirements of the 
chue whichj in the case of certain river¬ 
side settlements, naturally indoded 
fishing. 

War-Lke dashes between individual 
hordes and tribes must have been rare 
because of the very limited pots&ibilUies 
oE contact in the vast hunting grounds. 

Even the Neandcrthaler would not have 
known that tlrere were other men living 
" on the far side of the mountain 

For a long time the spear made of 
animal bone or wood must have predo- 
rninaced as a stabbing and throwing 
weapon. Bows and arrows first Canie into 
Use during the latt Interglacial, being an 
invention of the Mousiertan-lSke North 
African Ater culture (named after a place in Algeria], The 
Neanderthal man is also thought very likely to have been 
familiar with " tlirowing-balk " similar to the South Ameri¬ 
can bolas. With the use of pieces of wood and boomerangs 
for hinging, the Upper Palaeolithic Man attained the $ame 
level of armament as the present-day Australian aboriginal: 
but from this it must not be inferred that they also shared 
the same mental plane as the Australian natives. For it was 
not until the arrival of the Cro-Magnon races that there 
occurred the phenomenon at wliich the modern cultural 
world has not yet ceased to be astounded—the awakening of 
a true, deep, artistic feeling. 

The discovery of the Ice-Age eavc-paintings and our aware¬ 
ness, as: a result, of a highly accomplished creative culture 
existing among people who, compared to us, were at a very 
primitive stage in the history of Homo sapiens^ is undoubtedly 
one of the most exciting discoveries to be made during a 
century that has certainly not been lacking in. surprises of 
that kind. Man of 20,000, 30,000, 40,000 years ago, whose very 
existence was hotly disputed leas than a hundred years since, 
is suddenly revealed to ub through his cultural testament as 
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artiit o£ gfCit staLure, so in fact tliatc from the tvanirxg 
of the Magdaleniiin w the rUe of the dasiical cra^ ih™ v^ae 
nOEhing worthy to bt: set beside that wonderful efflorescence 
□f creatii^c art. There Is ooEhinj primitive in this art; and 
where it seems W lapse into the priniEtivc, aLialysia of the 
style teveals a change in the mode of expression almost 
exactly corresponding to Western abstiict arc. 

The first cave^paintings were actually brought to light m 
the Iasi century: bait they were relegated to obscurity again, 
with the usual expressions of contempt, as a result of the 
general scepticism of the intellectual woirld of the day. .^Therc 
is something extmordinary about the metilality of ihe nine^ 
teenth century which in so many respects was a period of 
tiumense progress; for there prevailed a climaie of disbelief 
and rigid opposition to anything new and surprising which 
lay outside ilie established fiamc of academic ItnowledgeJ 

However, certain events occurred here and there which 
should have sounded a clear warning to even the most obscur¬ 
antist minds. Mention has already been made of the frequent 
finds of incised drawings on bones and ivory. In 1846 tlw 
French cavc^expiorier, Edouard Lartetj made the first dis¬ 
covery of this hind in La Madeleine. Once again, as usual, 
the very beautiful engraving of a mammoth was received 
with the greatest reserve. However, confirmation of its genu¬ 
ineness seemed assured wheiij in 1874- * Swiss teacher, excavat¬ 
ing in the Kessler Hole—a cave in the Canton of Schaffhausen 
which was known as a former dwelling-place of Ice-Age 
reindeer- and mammoth-hunters^ug up a very fine engrav¬ 
ing of a grazing reindeer. But this success was short-lived. 
A woThman engaged in the excavations plotted a child¬ 
ish trick with one of the teachcr^s pupils. The boy scratched 
some animal figures on pieces of ivory, and the workman 
buried them on the site, l^alurally, they were promptly 
'discovered" and handed on to the experts by the exultant 
teacher. It was only pure chance that exposed these examples 
of " Ice-Age engraving" as having originamd in a schotdboy 
prank, A law esse and confession exposed the whole painful 
affair, and thus furtlter aggravation was given to the doubt 
already felt about other alleged Ice Age engravings. 

The same experience befell Boucher de Perthes, the dis- 
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cfivercr o£ prehistoric stone impkmeTits. He wanLedK as has 
already been montioned, to prove the eKisieiice of Tertiary 
Man in tire Seyniine valley. After eodlcss effort he at length 
found a human ja^^bonc and trimnphajitly cCaimed suocessL 
But in this case, too^ the "foisil" turned out to be only a 
modem hone which workmen bad buried in order to have 
n laugh at "the silly old man". It certainly needs a peculiar 
type of humour to appreotate this sort oE behaviour. 

And then, to cap cveryLtiing, there came a ie|io]i of "oil 
paintings by Stcurc-Agc men in dark caves"! 

In the matter oE cave-paintings, as so often happens with 
epoch-ntaking dis£io\'Ci‘ie3* the Eint find ^vas the most dramatic. 
This was the now world^Eamous cave at Altamira in Northern 
Spain. Up to the year iStiB the very existenoe of this cave was 
entirely unknow’n even to the oivncr of the land, Don MsrceS- 
tno de SaUtuOla. Its actual discoverer was an oVOr-zealous 
hound who, pursuing a fox, broke through the thin undeio 
grotvth which masked a narrow crack in the side of the hfil. 
The whines coming fiom inside shnwctl the hunterj^ includ¬ 
ing I>on Mareclino, where the dog was. The animal ^vas 
rescued, and the cave's eKistenco tlius perEorce became known. 
But that was all for the time being, and exciting only for the 
dog. Then, yc,irs later, Don Marcelino vras a^in reminded of 
the Cave oei his estate, as a consequence oE a visit to the Paris 
Exhibition oE iSyS, where he had become deeply engrossed 
in the results of recent investigations into the ^tone Age, It 
occurred to him that his nave, too, might cnutain hand-axes 
and mammoth-bones; SO he took a spade and began carefully 
Co dig over the flonr, as the experts in Psiris had advised him. 
At first he had no success, but oue day he came upon none 
implements resembling those he had seen at the Exhibition. 
This naturally spunned him on. and henecEonvard he con- 
TLUUcd to find further prebLstoric relics almost daily. But It 
^vas left to his five-year-old daughter to cliscover, by the flicker’ 
ing light oE a pine^iorch, the paintings oE animals which 
adorned the tvalk and roofs of one cave gallery. Tltose must 
Itave been dramatic moments when Don Marcelino, torch 
in hand, lit up the wails and saw beEore him pictures from a 
vanished world, pictures tliat had remained hidden for jo,ooo 
years or more. The animals oE the Ice-Age world rose before 
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hii eyes. Bison ho-rses, wild boar ^nd rcindeern in 

glowiiij red! and yellow coLourSj stared from the walls at the 
excited descendant of the long mouldered and forgotten artists 
who had created their likenesses. The colotira were fresh and 
brill tan ti probably made from ochre and red haematite 
bound with saliva or animal bJood. The representations of 
wild animak resting, rurming or grailng were eKecntcd with 
a Complete mastery of the subject, on an STtistie level quite 
the equal oE nineteenth^entury Imprcfisionisnir It was, at the 
same time^ both fortunate and unfortunate that Don Marceh 
ino should have stumbled upon one of the most beautiful 
and richly ornamented of all caves that have $o :kir been 
discovered. Uniortunate, because the completely modern 
'Tceling'' of these works of art was, in the eyes ol the expcTtSv 
the best possible reason for denying their alleged "bairhaTic” 
Origin. 

At £ist all went well and just as would bc expected in view 
of the importance of such a discovery. The Madrid pre- 
historianj Viianova, pronounced his expert judgment in Don 
Marcel ino's favour and conBrmed the Ice-Age dating of the 
paintings. Altamira became temporarily famous. Thousands 
rnade pilgrimages there to view the marvellous cave. Even 
the King of Spain visited the grotto which had suddenly 
focused the light of science on bis realm. 

Then came the catastrophe. Jn Lisbon, in. 1880, there met 
the f6u^yearly International Congress for Anthropology and 
Prehistoric Archaeology, which was attended by the leading 
authorities from all the different countries. Among the dele^ 
gates were the French scienrist, Cartailhac, and Germany's 
Virchow. Vilanova's carefully prepared copies of the paint’ 
inga were now laid £qt judgment before the assembly. The 
verdict was annihilating, It was pure impertinence on the 
pan of Don Marcelino, they said„ to expect that informed and 
experienced men oE science would be taken in by such gross 
forgeries. These artistically mature paintings^ in the modem 
idiom, could not possibly have originated in the primitive 
brains of Ice-Age men who, moreover, were tecbnic^ly quite 
unequipped to produce such work. Probably the pictures had 
been executed within the last ten years by a highly gifted, 
but morally extremely reprehensible individual acting in 
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callusion with Dan MwcclinO'. It w?ls most re^eitable that 
a man ol Vilinov^'s reputation stioutd have fallen for 
this. 

That was the Ecncral judgment for which Cartailhac was 
spokesman. The planned visit to the AJtamira. cave was natur^ 
atly cancelled. And Dan hfarcelino was new branded with 
the dreadful and widely publicised rcpuutian of beinE a 
forger and a cheat who had not scrupled even to make a fool 
of his own sovereign. He died an embittered manK never 
having been able ta vindicate himselh and all hij personal 
efforts to have the discijss.ian: of the wonder? of Altamiia 
rc-opened ending in failure. 

lire Altamira scandal had other stupid and far-reaching 
effects. For during the next twenty years further cave-paint* 
ings were discovered in the French caves oE Pairnon'Pairr 
La Mouthc^ Marsaulas and Chabotr hut apart fram local 
reports which attracted no attention, they never received any 
publicity. Indeed, no one even dared to speak up for the 
great antiquity of the paintings. In the case of the Fair-non- 
Pair find, the discovcTerj Daleau, was so afruid of ridicule that 
he never said anything abciut it. 

But as it happened Fate cltose as the tralLblaier of this 
new knowledge the very man who had most viciously attacked 
it in Lisben—Cartailhac. Among thi? professor's younger 
pupils and collaborators in Taulouse was one who subse¬ 
quently became famed, as the Abb^ Bteuil, one of the greatest 
of all palaeontologists, who dug wich such success in that 
Mecca of Ice-Age ex.p]oren, the V^rAre valley in the Dordogne, 

Quite close to the village Of Les Eyzies lies a cave, Lcs 
Ck^mbarelleSi at that time extremely difficult of access, in one 
passage of which there had once been unearthed a modest 
find from the Magda]enian.. Another passage, leading deep 
into the mountainside, wa? said to contain no truces of primi¬ 
tive culture. Here, Breuil and two companions found mote 
than they had ever dreamed oft over 500 rock'engravings 
representing wild horses, bears, bison, stags, reindeer, mam' 
moths, lions, foxes, and even human EigoTie.R. These engraving 
only began ^r back in the interim of the Cave, at least i^o 
yards from the entrance- Since the roof of Les Combaielles 
is exceedingly low^ only three ro six feet above the floor, the 
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(mgr^vings art all Hurrespondingly ^malL being four to twelve 
inches in height. 

The endLcment aroused by thia discovery was Uemendous. 
One of Breuira companions, a teacher named Ptyrony from 
Lea Eyzieij immtdiaKly carried on with his ticplorations in 
the same loclt massif- His intimatic knowledge of the neigh¬ 
bourhood led hirn w the FotiE-de-Gaumt cave where—know¬ 
ing now what he waa searching for—he very quickly dis¬ 
covered further engravings. Only eight days after the lind at 
Les Combarellea—it was in September j 901-“the three 
ciplorera penetrated right inside the Ft>nt-dc-Ganme and 
Were even more startled than by their hrsi discovery^ for hcnCr 
in contrast to the rock-engravings at Les Combarella^ they 
found themselves suddenly faced by a whoile gallery of poly¬ 
chrome animal drawings There were over 300, mainly 
representing aniirtals that had been hunted during the 
Upper Palaeolithic- Among them were animals depicted 
almost life-size. 

It is diifijCult to< imagine what must have passed through 
Cattailhac's mind when fireuil led him a little later through 
these caves. Every one of those works of art mu)t have mocked 
and reproached hirn. But now he did what he had failed to 
do twenty-one years before: he went with Breuil to Altamira. 
It was a pilgrimage to Canoksaa, to Maria de Sautuola, the 
daughter of Don MarcelinO', who was the real discoverer of 
the cave-paintings of Altamira. The almost incomparable 
beauty of the pictures, even more impressive than those of 
Font-de-Gaume, moved both men profoundly- Breuil spoke 
openly of the "Sistine Chapel" of prehistory^ omitting to 
state whom he considered the most honoured by the com¬ 
parison, the Italian master of the Renaissance or the inspired 
Cro-Magnon artists of the MagdaLenian. The German author¬ 
ity on prehistory. ProEessor Herbert Klein, one of the foremost 
connoisseurs of Ice-Age art, wrote about Altamira: "The 
weirdness of the cave, the immense impact of the pictures 
and the thought of eternity, combine to produce one of the 
greatest experiences that can possibly befall man on this 
Earth.'' 

Cartailhac, hoivever, w-as a man: of character. His penitent 
admission of " mea culpa " resounded loudly throughout the 
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world, but unfortunaCffly it was coo late to redeetn tht honour 
of Don Manzoltno dc Santuola. 

Thus It will be iecn that the discaveiy of Ice-Age art was 
not uierelj^ a matter of searching and finding, but primarily 
of overcotnlng human prejudices and conservative ways of 
thought. The fact that resistance to this new knowledge 
collapsed at tl^ very beginning of the present ceniury is 
certainly a oolncidenccr But strangely enough it was jusi 
during those few years arcnjnd the turn of the century that 
epc^hal discoveries were made in various sphere? of science, 
which necessitated the jettisoning of many long-accepted ideas 
and a complete re viewing of the world, in many respects, in a 
Very different light from that in svhich it had appeared in the 
past. The overtliTow of all hitherto accepted physical con¬ 
cepts by Einstein and Planck in the years 1900-5 is well 
known. Et^ually revolutionary was the discovery of radio¬ 
activity (ifigS onwards) by Becqucrel and the Curies, which 
destroyed all notions about the Indivisibility of the atom and 
led to entiiely fresh conceptions. For biology, the revolution¬ 
ary turning-point ^^as the re-discovery of the Mcndelian Laws 
of heredity and, above all, the irmncnscly Important disoovexy 
of mutation by dc Vries (all in 1900), whidi provided solid 
support for X/arwinism and the theory of evolution. It wai 
as if mankind, at the turn of the twentieth century, suddenly 
made a great jump forward in scientific knowlet^ge, 

Mow free of futile hindrances after the days of Fom-de- 
Gaume and the vindication of Altamira, the study oE pre¬ 
history progressed rapidly. Among the mast successful scholars 
in this field were the Ahbi Breuil and the German, Ober- 
maier, Advanoes now were made at a tremendous rate. 
Scarcely a year passed without the discovery of one or more 
caves containing aiUural reiies of out Cro-Magnon forebthen. 

Carefully planned eKploration of likely lerrltoriej fre¬ 
quently produced results. Children played no small part— 
mostly by having the advantage of knowing the prehistaric 
treasure-stores in their own home tcrritoriei.—scouring the 
neighbourhood in their free time and even, with youth's 
adventurousness, climbing dangerously down cracks into the 
subtcrrariean world. 

Of all the painted caves known today, the richest and most 
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benutifuL is that of Lasfaux, near Moncignic in the Dordogne, 
which again, like Altamii^, was discovered by a dog. The 
animal was playing with two boya and suddenly disappeared 
down a crack in the earth—an extraordinary repetition of 
circumstanoes. One cannot do better than to quote here the 
words of Abb 4 Brcuil t 

"The art of Lascaux," he wrote, "in spite of traces of 
primitive ideas in design, discloses a remarkable mastery in 
the execution of the figures, some of which are very large; 
their technique is both skilful and varied. At times it achieves 
a combinatLon o£ elegante ind power which produces in its 
foil development such masterpieces as some of the great bolls, 
although these are drawn with the greatest simplicity. The 
Lascaux figures represent the peak in the final development 
of the first phase of Upper Palaeolithic art and their primitive 
character and liveliness of movement, sometimes a little rough 
and naTvtj reminds us of the work of early Renaissance artists- 
Thc variety of techniques, which were developed in a rela¬ 
tively short time, points to a sort of artistic fever, rich in 
inspiration and experience. No one would have expected in 
this far distant period, of which we know only a few sure 
fragments, such an outburst of an art so great and, of its own 
kind, so perfect." 

Up to date, well over one hundred caves with paintings 
and many thousands with a single drawing are known. The 
Dordogne has proved a veritable RI Dorado; its river valltyi 
and rocky cliffs head the long roster with 31 rites so far dis¬ 
covered, In Spain the lead is taken by the province of 
Santander, with 14 caves including AltamiTU- 

Those who live in the lowlands or on the sea-coast usually 
have far too limited ideas of what is meant by a " Cave ”. Most 
people will say that a cave is a large Or small space lying 
behind an aperture in a rock face; hut this simple description 
only applies in a tiny minority of cases. Ice-Age caves mostly 
consist of a whole system of passages and chambers, often of 
labyrinthine complexity, leading deep into the earth and 
super-imposed one on another in storey form. Frequently 
stalactites bar the way and ornament the caverns with their 
bi^rre shapes. Narrow streams dash through and drop Into 
mysterious chasms in the rock. Black lakes lie deep and stag- 
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fismt. Crrt'iccs vanish out of si^ht: chimneys lead to ujalcnown 
regions. The dUcovery and eKplomaLton of almost every cave 
was a regular adventure story. The wtaJ darkness, the com- 
plctfj unreal silence of this underworld was always eerie in 
the cjctTcme. Often there were nnejtpected, frequently danger¬ 
ous slides down wet clayey slopesj many passages were so low 
that they could only be penetrated by crawling on the stomach. 
In the subterranean darkness, which is very hard to illumin¬ 
ate, distances seem greater than they really arc. Very rarely 
do drawings appear near the entrances, and most of the 
masterpieces are found in the remotest parts of the caves. In 
the famous NiauE: Cat-c on the northern slopes of the Pyrenees 
the chamber with the finest pictures lies almost half a mile 
from the enttanccr The labyrinth luelf extends for a further 
yards and ends at a takCr Even today it is a dangerous 
adventure to explore these silent worlds;, and it does not 
require much imagination to realise how profound must be 
the impression when suddenly, in the beam of the explorers' 
torches, charg^ing bisou OT gigantic mammoths state ont from 
the walla. 

All the greater and more astonishing, therefore, were the 
achievements oE those half-naked "savages” working with 
the primitive means and tools oE that time by the wretched 
light of flickering brands. How much courage and nerve 
muat have been required to peneiiaic into the unknown 
bowela of the earth to take posseasiem of a world iiLEully lit 
by smoky tarches, where at every step there might appear 
ghosts arid daemons of nameless powers. We know nothing 
of the way in which they set about their task and how they 
overcame the terror of the unknown. All tEiat is sure is that 
these Caves must very soon have become centres of magical 
cults, providing a fit setting for the dark evocaciona by 
magicians, medicine-men and priests of a supernatural i^XTrld 
beyond the real one. Undoubtedly, the caves were a place of 
privilege, and access to them fur ordinary men was barred by 
an invisible hut nonethelesa efieciive taboo. The "laity" 
would only have been admitted lor ritual ceremonies, and 
then they had to obey the rules bid down by their priests 
or magicians. For it must once again be sincsscd that the 
painted caves, lying deep underground, were not for babita- 
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lioD. Apart ftDtn the pritifs, few would have penctraied 
tx^yond the entrance caves. 

The nature of the mysteries devised by the minds of these 
moat astnnlshini^y intelligent Cro-Magnon^ will probably 
remain a secret for ever, for there can be no sviitten testi¬ 
mony to tell us of what took place. We can only guess and 
deduce, by analogy with the way of life of contemporary and 
historical aboriginals, what this or that may have meant, what 
purpose it may have served, and what part it played in the 
ceremonies oE thcusc primitive pagans. Certainly, we would be 
misjudging the Ice-Age artists if wc assumed that they 
practised their art for the sake of art„ from an aesthetic sense 
of beauty, or out of joy in their work. 

Some of these moiLves may, indeed, have played a part; 
but the reasons for producing the paintings, at the behest 
of the magicians, were purely deliberate and purposeful. Not 
for nothing are all the pictures found only in the remotest, 
most awe-inspirii>g parts of the caves. An done for purely 
decorative purposes would have heen ^pressed in the form 
of open-air pictures, or rather engravings, something that 
only became common very much later. Emphasis has already 
been laid on the paicamount Importance of hunting in the 
life of these prehistoric men. It is because of this that, again 
and agairr, the only subjects appearing in these pictures are 
piehtstoric wild beasts, hunting scenes^ weapons of the chase 
and piotraps, Reprcsentatioris of human beings are com' 
paratively rare, and when they do appear they arc, in most 
cases, extremely sketchy, mostly in the form, of childish 
"matchstick" men, very different from the realism which 
distinguishes most of the animals. It is regrettable that men 
are not porttayed with the same brilliant verisimiUtude; then 
we would know everything about their appearance and not 
be dependent entirely on the evidence of fossilised bones. 
The first portrait of a human face, engraved on stone, dates 
from the late Magdalenian, and was discovered in 1943 in 
the af^ri of Lcuis-Taillebourg. It ia in the form of a semi' 
relief which, as surviving traces of pigment show, must 
originally have been painted. As a whole the effect is clumsy 
and not particularly artistic, little more than a first feeble 
attempt to use man as a model. In the case of three female 
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fisurea curved on the rock ’ivallj of the »rre abri ^nd dis 
covered in 1951, the highly emphasised sexcia] charaetcristics 
arc the chief feature, which immediately suggests that once 
again they were intended primarily for rituai, magical 
ptitposcs. ® 

Otherwise the subjects everywhere are animaJs, nothing 
out animalsj in ali aspects of their existence; attacking, 
gr«mg, sleeping, copulating; young animals^ herds, solitary 
animals. As well as simple outlines, there are coloured paint' 
iniTuaturcs and colossal pictures, frequently given a 
plastic, three-dimensional cEfect by skilful use of the contour 
of the rack surface. Curiously enough, from the Aurignacian 
to the Ma^alenian the technique develops along very much 
the Mme lines as Western art^from Natutulism, via Impres- 
si^iSTu and EKpresskmistn, to something resemhiing the 
Abstract. So that wc are confronted with an almost unbroken 
chain ^ all the an styles with which we are today familiar, 
maturing according to some inner law of artistic evolution. 

The commonest and certainly the most intrinsically likely 
eKplanaiion of these cave-paintings is that they served the 
purpose of sympathetic hunting-magic; the vitally important 
hunting e.itpeditiona must be blessed and the animals invoked. 
The hunters gaibeted by torchlight in the magician's cave] 
and there, under the pictures, wild hunting-dances were 
enacted, during the course of which the pcTformeT^ swinging 
thetr weapons, worked themselves into a state of frenzy. Speais 
were flung against the paintings, annows shot at them, to the 
accorapaaimcui of magical incantations horn the priests who, 
wearing fan tMtic and hideous disginsts, directed the proceed- 
ings, It is quite safe to say that such scenes did take place, for 
in the famous Pyrenean Trois Frtrea cave (named after the 
three young brothers whn discovered it in igt^), which is rich 
in paintings and engravings^ there is a lerrifylng picture of 
Just such a magfdan in all his primitive daemonic jfrenzy. His 
head is eerily disguised by a mask with reindeer ears and 
antlers, a goat'^a heard and owlish upenings for the ey«, Bcar- 
paws are drawn over the hands; the base o£ the spine has a 
horse's tail attached to it. The human eyes are glaring and 
hypnotic; the whole attitude of the body suggests a dauce-poae; 
and the body itself is painied to resemble a skeleion. In recent 
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timta the only «mparabk nianifcswtlMis we tuflw are the 
prwiucts o£ the Itirid imagiiiation o£ the devil ridden Tibct- 
atii whfl, by other meaniK created similar phantasmal figures 
in. both piicLures and maiha. 

The very disguise ot the Ti^is I'rftrcs inagician. dcriA-ed as 
it is entirely from the animal kingdom, proves the dominant 
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role of hunting-magic. It is possible therefore that this wm 
the sole purpose of chose savage and primitive ceremonies in 
the subterranean spirit ■a'orld, where animals of the chase ^ 
were captured for ever on the reeky walls and roofs. This 
must, anyhow, undoubtedly have been their prime putpoM. 
Vet it must not be forgotten that these cult-oercmonies 
flourished persistently throughout several tens of thousands 
of years—a very, very long time in terms of our own historical 
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era which can sluiw nothing even remotely compambk. Foi" 
example, the cnlt-pmcticcs and beliefs ai the Sunteiiatn are 
very litEle known to ui and comp] etcly alien, alihoujjh a mete 
g,DcK> years separate ui from them. Admittedly, in the 
Cro-Magnon days too the primitive urge to power and domina¬ 
tion must have caused many char^ges iu the tradEtional ccre- 
monies practised by the lords and masters of the underground 
world. Secret societies among men, initiation oE youthii, 
fertility rites later concerned also with humans, even ritual 
sacriHce, may gradually have been added. And it is possiEilc 
that—at any rate at certain periods—these painted caves 
were nothing more than hunting-schools, teaching the rising 
generation all the skills oE the chase. Learning by practice in 
the held wai never without its dangers. Often a wounded 
bison, wild boar or even cave-bear would suddenly turn iuto 
a savage attacker bent on destroying its adversaries, and it 
was, consequently, important to teach the yowrig men the 
most vulnerable portions and organs oE the diSerent animals, 
to demonstrate to them how Co aim their spears and arrowiS. 
Ouce they had learned to thrust or shoot accurately, their 
individual courage and chances oE safety iu the actual hunt 
would be gi'cacly increased. 

Despite all attempts to interpret the course of development 
of the Upper PalaeoliihEc cuLtures and to understand the 
process of spiritual awakening of the men of those times, there 
still remain problems enough which co this day have not 
been solved, and probably never will be. To a certain e>ctent 
this ii clearly incvitablen since mute pictures and stone imple¬ 
ments are the only documentary evidence we bave; for of 
course the art oE writing would have been entirely unknown. 
Thus we are confronted with an almost ineKplicable contra¬ 
diction between the primitive, utilitarian standard of living 
of those Stone-Age savages (or semi-savages)—^whu thro'Ughout 
the long period from the Aurignacian to the Magdalen ian 
were unable to progress beyond the hunting stage—and their 
consummate artistic powers which, from modest beginnings, 
followed a course rising to its Impressionistic climax and 
then, the fount exhausted, sinking ta its origlual, primitive 
linear forms of expressiou. The one simply does not match 
up with the other. In this discrepancy there either lies hidden 
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anoLher unwlvitd riddle, w cls£ we have a coinplctely false 
idea about the real level uf achievemeut pt the rrancO'Spaiiish 
QroMagnan culturei. 

Their sutn^rd of living and general cultuiral level can be 
easily Chflupired with those o£ their cotiteniporaries in the 
other ice-£ree regions of Europe an.d Southern Russia. The 
cultures of the latter, at the height of the development of 
Stone-Age techniques, conespond in all importaut character¬ 
istics with those of Spain and France. An numerous finds have 
proved, their cultures cannot, by and large, have been very 
dissimilar from those of the painters. Among them, toc^ the 
artistic sense was very highly developed. Very many highly 
accomplished engravings, carvings, and animal sculptures 
indicate a pronaunced tendency towards the miniature in art. 
Tiny earthenware or stone figurines also seem to have been 
chanacieristic, and of these the most famous example is the 
Willendorf Venus, a female figure little more than 4 inches 
tall, carved out of limestone, with enormOUfily exaggerated 
breasts and an equally pTonounced primary scMual oigan, 
every other feature, even to the hair style, being almost com¬ 
pletely ignored-^obviously intentionally. The arms are 
scaitely suggested; the legs end below the knees; the face is 
a mere flat surface without contours and plainly anticipates 
the widespread aversion of primitive people, even today, to 
having their facial features reproduced either in drawings or 
photographs, There evidently existed, in addition to hunting 
magic, a corresponding fertility magic, exemplified in this 
" Venus " and several other symbolic representations of a like 
kind. The baiic urge to propagate and the importance of 
ensuring progeny must certainly have made fertility-magic a 
power of equal importance in their Uvea. But very little is so 
farltnown about this. The one important thing that was lack¬ 
ing among the eastern neighbours of the West Europeans vras 
any form of cave-painting. WUih the exception of one cave in 
Italy, two in Sicily and one in Gennany, this form of art 
seems not to have spread at all, although there was no lack 
of caves in other inhibited regions. 

Cave-painting remains, therefore, a particular manifesta¬ 
tion of the Franco-Spanish cultures, whose representatives— 
rather like the ancient Greeks—must have possessed an 
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especial artisiic talent. And why 
not? Such a gift tan be a raci^ 
characteristic. The fact that their 
general level of culture was no 
higher than that of their neighbours 
is no argument against this. In the 
case of the GreeLs^ toOj it was 
perfectly possible to walk through a 
market-place without straightway 
encountering a philosophical or 
artistic genius. The greater part of 
mankind in the Stout Age were just 
as far behind the times as they are 
today and always have been. A good 
example gf this U the iVfaya people 
of Central America, in sptie of the 
really fantastic monumental build¬ 
ings which a few geniuses created 
for the small ruling class, the almost 
propertyless masses lived in a state 
of abject, primitive squalor. When 
the Spaniards arris^cdj the Mayans had no knowledge of the 
wheel nor, consequently, of the construction of any form of 
wheeled vehicle; they were unaw>are of the use of animals for 
carrying burdens and had not discovered the plough. Metals 
had been coming slawly into use only a short while before 
Cortez' invasion. Stone was their chief material, just as in 
the Aurignactan days. And this was in the fifteenth century 
A.DtJ 

The compratively sudden disappearance of cavc-art at the 
md of the Magdalenian may have been due to various causes. 
The reverting of later artists to simpler linear outlines, after 
the supreme achievement of spatial perspectives and extremely 
delicate colouring effects, indicates, on the one hand, the final 
exhaustion of the intrinsic possibilities of the art, and, on the 
othcTj the giadna! dUappcamnce of its magical content after 
all thpsc tens of thousands of ycam. The original, undoubted 
reverential awe for the skill of the artistic ilite, who were 
able to capture the precious beasts of the chase by scratching 
and colouring on the rock walls, gradually yielded to div 
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illusion when Lhe aTtuts no longer made a necrec of their in 
and even degraded it to the level ol something to be trafficked 
in. For a long time we have known of crude sketches scratched 
on stone which have also been found in a far more elaborate 
form in cavo elsewhere^cven in caves hundreds of miles 
distant from the original "rough'' design. The only con¬ 
clusion we can draw from this h that these Cro-Magnon 
Greeks ” must have led very peripatetic lives. The TyreneeSf 
which at that time were far more Ice clad thin they are today, 
apparently proved no obstacle to them. Very probably there 
was uninteTTupced contact between the ncighhouring peoples; 
yet the jotitfiey on foot fioni, sayj the Vdzire valley in the 
Dordogne to Altamira in Northern Spain would have been 
a strenuous undertaking in the circumstances then prevailing, 
demanditig strength, endurance and. a knowledge of the lie 
of the land; and furthermore these nomads must have carried 
their stone sketches with them, for the original designs must 
have been transported by some means or other. 

These early artists probably travelled around with their 
sketches and displayed them as a '' samplecollection. This 
trend towards the profanation of art must certainly have 
destroyed all lia inherent ma^c and mystery. The artists were 
seen in the light of day and it was realised that the works in 
the caves were the works cf human hands—and with that a 
part of the original fascination, had already departed. Then 
the practical, unimaginative people of that time realised that 
their hunting was equally successful without benefit of the 
magic they had previously believed in. Such a dLsillusion- 
ment would possibly have been strengthened by ilie abund' 
ance ot wild game towards the end of the Magdalen tan. The 
Improvement o£ climate brought about by ibe retreat of the 
ice once again caused vast animal migrations,, and as a result 
the dark interiors of caves with their works of an fell " out of 
fashion", berame disused and were finally completely for¬ 
gotten. Life in the warmth-giving sun of the open country, 
the growing art of but-butiding-—everything tended away 
frotn the Bubterranean gloom and the necessity of bowing 
down to the powers of darkness in order to ensure One's daily 
supply of food. The world around had changed, and so had 
every form of Ufe that vras now flourishing abundantly on 
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every side. The grcyncw uE the Ice Aye and the cave-magic 
now gave way to d-ie all-cflfiqiuwriny Sun and liEe in fofest and 
plain r Perhaps^ aise, Llie now numerous hordes and tribes 
brol^c up^ left their age-old tribal tciritoTics and folliasved 
the animals—towards Central Germany, England, Sweden, 
into territories hitherto blocked by the ice. And the tribes 
that followed them From other Eeiritoiics Itnew nothing of the 
caves and were wary o£ entering, even if they discovered them. 

So it was quite natural that from now on art took to the 
open countryr After the Magdalenian, we find engravings on 
stones and oucdoar cliff faces. The territorial area mvered 
now bocamc very great, which indicates migTattons. In 
Sweden, Spain, North and South Africa, Ethiopia and East 
Africa, men were master's of this an, which, strangely enough 
in view of its style, rapidly developed into the abstract. It may 
be taken for certain that these men also painted in colours, 
but, even in the driest regions, the pictures proved unable 
to withstand the effects of weathering over the course of 
thousands of years. 

The Mesolithic and Neolithic Ages were no more than 
transitional periods leading to the Bronze- and Iron-Age 
cultures which already fall within the prosdnee of history. 
Everywhere Man was now reaching the stage of ci’alution he 
is still at today. The modem era had dawned in every respect, 
for geologically too we now arrive at the Holocene, the 
millennia leading Up to OUT present day. 

The hitherto static life led by people engaged in the 
slnigglc for existence was superseded by a period of unparal¬ 
leled nomadisnir Immense mirations, mostly along the banks 
of the gfpat rivers, now dominated the life of Homo mpisns 
for thousands of years- Where there were land-bridges between 
the continentSj men crossed them, always on the movcj with 
no definite objective in sight, but driven by some strange, 
inexplicable utge towards distant unknown parts. Even 
thougli the population of the world must have increased very 
considerably, there could not possibly have been any recog¬ 
nisable necessity for wandering far afield because of lack of 
living space. The last uninhabited quarters of the globe were 
now settled. 

Australia must hive been Tcached some time during the 


last glaciation. The period when this move tools; plate can be 
guessed at tentativelyf for a land-bridge between the East 
Indies and Auitndia would have been a necessity, since it is 
impossible to conceive that the primeval Australian natives, 
at their very low level of development, could have discovered 
the art of regular ocean journeying and w crossed the wide 
seas beLweco the archipelagos. The shcIf-sea areas, which 
today separate the various groups of islands, could only have 
become dry land as a result of a lowering of the water level 
due to ice-fortnation in the nonhem hemisphere. An earlier 
date for the seilJeincni of Austral ia—for instance as far back 
as the Riss advance of the icc—is out of the question, since 
at that time Homo sapiens -—which the aborigirics most 
emphatically aro-did not even exist. 

Man's "discovery” of America was made across a land- 
bridge in the region of the ptesent^day Bering Sea which a]» 
was completely dry for long and frequent periods. It is 
possible that the migration of the various Mongol tribes took 
place in a Series of waves, widely separated In time. Former 
uncertain catiniatei as to the earliest date of these movements 
are now being more precisely established by use of the radiO’ 
carbon and poiasaium-atgon methods. 

Traces of prehisEorie Indians and of their cultural remains 
were widely discovered during the last century. Particularly 
famous are the bison-hurtters of the Folsom culture (named 
after the town of Folwm iin New Mexico), Notbing resemb¬ 
ling their very beautiful flint spear heads, chamfered and 
polished on both sides, has been found in any other Stone-Age 
culture anywhere in the world. The men of the Folsom culture 
were genuine Homo mpierts. The successful daring of a hunt- 
Irtg-camp in Texas gives it an age of 9.883 years {with an 
uncertainty factor of 31JO years above or below this figure). 
The Tetnains of an encampment in Illinois give an age of 
years [uncertainty factor: Boo ^ars), while a find of 
human remains in Tepexpan In Mexico has been dated at 
11,300 years [uncertainty factor: tjoo years). Other finds have 
confirmed such datings. Most of the North American div 
coveries so far made date from about that time, and one would 
therefore be tempted to assume that America was first settled 
during the last recession of the ice sheet. 
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Yet when one considers that the nomads who entered by 
Alaska must have already reached the Ma^llan Stralu, virtu- 
aSly at the southcrn-inMC tip of South America, 9,000 years 
a^o—as further dating of finds has shown—the first wave, at 
leastj of immipants must have come across fram Asia a very 
long time before that. Recent dtscoveraes have made this 
assumption appear more and more probable. The charcoal 
residue of a camp-fire near Tule Springs in Nevada has been 
assigned a minimum age of <3,800 years, and an extensive 
encampment of Llano-culture type^ near Lewisville in Texas, 
is even considered to be more than 37,000 years old. Remains 
of the Sandta cultnine {so-called from a cave in a canyon in 
New Mexico) arc probably about the same age; this culture 
produced excellent spear-and-amow-hcaids resembling those 
o£ the leaf-point Solutrian culture in Europe, Thus, without 
any difficulty, we can trace American Man back roughly 
40,000 years, to a period contemporary, in ^ct, with the 
i^lutrian. 

In 191C, in Florida, there were discovered human bones 
as well as a mass of contemporary fauna which bore all the 
indications of having lived in a markedly warm climate. Rut 
the last warm period in America, as in Eumpc, occurred 
about 5 o,ooo years ago. This dating Is, of course, pierfectly 
possible. Over countless millions of years the Bering Sea 
bridge was tar more often exposed as dry land than covered 
with shallow ^vater. This circumstance was, indeed, of great 
importance for the animal migraiiona of the Teniary. So it 
is permissible to conjecture that at a lar earlier stage in 
Man's development, possibly as far back as the Neanderthal, 
primeval hunters may have crossed that Asian-Amcrican land- 
bridge in pursuit of their migrating prey. The fewness of 
their numbers in the gigantic double continent may have 
caused them to become literally lost, which could be the 
reason for the disappearance of all traces of them, with the 
solitary exccptiiin—and that a questionable one—of the 
Florida discovery. At all events, the view that America was 
first settled by men after the Ice Age is certainly no longer 
tenable. The solid Bering Sea bri^e was probably never 
under ice. any more than were, strangely enough, southern 
Alaska and the Pacific north-west. So easy roads, of migration 
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were always available, and these w’ould naturally have been 
made use of. But a grwt deal still remains unknowTi about 
prehistoric Man in America, and our knowledge on this sub¬ 
ject lags a long way behind our comparatively pucclsc infeuma' 
tlon about the past of Eutopean Man. 

The Mesolithic and Neotichic Period? lead directly into 
early historical times. The Mesolithic is reckoned as starting 
about 4000 e,C„ and during that period men changed from 
nomadic huntens to settled farmers, cattle-raisers, fishennen., 
and founders of settlements. The oldest agricukuml village 
M fer discovered is one in Iraq, which, according to the radio¬ 
carbon method, dates back 6,707 years (uncertainty factor; 
gso yciTSi)^ Older still arc certain northern culture levels, 
such ai the AhrensbuTg culture of Holstein, which is said to 
be 15 ,Qoo years old; but in this case it Is still only nomadic 
and reindeer-hunting cultures that are Involved. Another 
Mesolithic culture—and one perhaps even surviving from 
the PalacoTiihk—was the North African Capsian cuUhtc 
(named after finds at Capsa in Southern Tunisia), which from 
reliable evidence can almost certainly be dated as far back 
as £,400 years ago- 

The Neolithic Period in the Mediterranean region covers 
roughly the third millennium b.c., that is the age of the Bawer- 
ing of the Egyptian and Sumerian civilisations. In Central and 
Northern Europe the period lasted longer, until about 
J700 B.C.: and here it was mainly a time of change-over from 
nomadic life to settlement into villages, lake-dwellings, and 
fortified strongholds. The Megalithic cultures, too, with thetr 
stone monuments and barrows, fall within the Neolithic. 

And so by now wc arc already verging on the realm of 
historical archaeology, the period of the Celtic and Germanic 
races, of ancient dvElisations—and therefore the subject of 
this book is at an end. It has taken us through four thousand 
million years in time and space; and also through outer space, 
too, for we roust not forget that our radio wave is still, as 
seen from the viewpoint of this world, on it? way towards us. 
Now, however, at the end of the Palaeolithic, it is passing 
through Our own Milky Way. But several thousand more 
years must still elapse before, more than nineteen and a half 
centuries after the birth of Christj it is caught by the latest 
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discovery of Homo sapisnSf ihe radicpielHcope, and ihen it 
ivill appear as a tiny dot on a measuring apparatus and thereby 
its cxisci:iicc of 4,000,000,000 years will be ended. That wave 
was an etitiLfifiary froni the tempoial and spatial beginning of 
our world, a survival from distances and conditiotts that no 
longer exist, conditions such as, for CKainple, the Earth at 
its glowing stage. 

This survey of the world's historyj with aU its innumerable 
tectonic and biological wonders, has spanned an immense 
period and so it has only been possible to shetch its merest 
outlines. In time to oome, much of what we think we know 
today may turn out to be quite uTong or have an entirely 
different interpretation. Thcnc is a Vast field oE science about 
whiob wc as yet know nothing for certain and which may 
provide surprises which will make out whole picture of the 
world we live in even more wonderful and fascinating. After 
all, OUT knowledge is only what wc think today, and that is 
as much subject to perpetual change as everything else in 
the Univmt. 
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Etoclrlc rayi, iji 

ElEcLro-thignciro ntdiaeliCHir Bra Ulira- 
ndiaclon 

Etepliani'hlriL PLwiimtuyj 

aio, eio 

ElEpoinu, 141,1-44,1-^4, i7g 

£l(u, 140, 175 

CiHlHigETHMii lorca fcntdogcnic dyni- 
ihicij, ss, ^ 

and enerry 

England; flOrtj aiJ-tS^ AorignBCiati 
euLiurej iiA 
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■ ■n, 1*7, iirj. ait*-4, age. *gg. nx. 
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RocLIO. 17- eg 
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EwHutlon ihooriea: EamaTct'a, m 
jnmp'inclatiDini, 1 ji><il foLinden of, 
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Bee (tEw Dp™iol?ni 
F.at^noi» bncei (exogenk dynandrl), 

!lS 
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Ffre, ctfly man'* use of. aBB, spa 
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FliniLngo, itB (IFigr g^ 

Fir«. itS. a>B 
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nowCTi, 171 
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Flnvlll CTMlon. SB 

Flying teptLlei. Stt Picroiaon 

IflyKli, ata 

Fbuom mllur^ g^ 

Foni-do^uiiK (civ^, jaS 
Forlichcrade man, eg,], jia, gij 
FortlUEnifen, g 9 . tofi,. 143, 170 
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I'nreiu: t»rbaQiJ¥rigtiIv JjS'S. IIJL 
Ucffi^n iffiiL (TcEiiaTy), h^-lB 
Frw. 0*Var, 

Fnre^: nan, ii:S; hitid^xe nukuKi, 

jii; A.urif^mda.n c^iilCune, jij, 

ctvn «n(| ^v^.dwctlim of {hv Civn; 
CnD'iffa|[nDn ticeiJ 
Fmlnt1o{^^ Linn, 

F-nlted lidnlf, icS 
KriKh, KrtI mn, 

Frdn, lai 
FQCQIcI. CtiHKlRn, 

Fiililiim, 14J1 igy^, lit 

rrABUO, >^4 

(:pl|iy, ii-£ hEilLy Vl'ay 
Gtlilu, lOv 
Crorc*. River, ^ 

Gl.riOfd JiSbH, ijfs, L'^ 

CsT-pitn. IfU 
GULCOfMKU, Itl, 
eounler, 

Gdlrl nlk^, ll^-ig, Jrll, Pjg, StA 
Ort*«. mn. iPi 
Geologkfl] icTinlTwh!i^. 33-i 
Groloci^ lime, eiilffleuon ot, '71-7 
Gcolagy, birth pod Itevelgpmicnt dE IhC 
ideiKCr ra'S 

GcoayntJiret. JefinLLLon oE. 173 
Grrinanv: lOU^, Il-Jl taumi, I17, idl. 
l6fl, lt|, tw, »«. 3 ^. 
pigt lloti, etfi gutcUtcion, 173-e. 17B: 
Mriy nLpn, aga, 
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Gibbon*, * 4 o. rBi 
G^^EajriiLrruj, i 9 ^ 

0lF3gAo tree, ■£!, 159, 171* 

GioglUHlci, ]H 

Cirpffer, *ig, tjJ, 1|0 (IFIff, Jtj, 141 
Gdrdkd-liunl, t^O 
Clscinl eronOftj 55 
GEoU^rlnp. }G, loft. 17S 
GfOfuiui airs^ 3 etni£a^ tjtA-7 
tjP 
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G^in, Canon, iSn-* 

C«iJ»e, J57 
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« primil eontirtnt, 131; ^nm, 
]|i: glaciation, 144,14B, tjt, ijt: i*"** 
LnSiaenQiJt Aon, c^pinAon, ljS; 
break-up of, 7i 
Goniaticct. 1*9, 3 ^ 3 , 

Cot?II*. rfla, iffi _ , 

Grand danyon. Ariioia, SS, JT 
Gnrito. 

CrapbiU, 107,3j; 


GTaptolitn, 3 I 7 j tee, ligi, eoe^ Plire m 
Grenoe, *1* 

Ornoilanid. 90, 14^, 147, zj£. 171, 179 

GnOUlilJ xaice, epgigH 
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HeHfllWirT rain, * 84-4 tVir, hj 
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Hohxene Pieiiod, 330. rv^ t?®, Sl 7 
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lEnrMd 30 ld, L90 
HornFel*, 57 

Horu-nlli, i$g, 159, l 74 


Honei, ijOJ*, ei3t 
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Flite te 

. 70; Hubble- con- 


ilant, 'm 

Hudien i^mnel, 49 
Htidsan River, 48 
Hitene, F, vml, 164 
Humboldt, Aleimdcj viSi, 17 J 
Kvolic idei, T33 
Hu 03 , Captain, 1*1 

Honiing, oy fee ^te rain, \39-t(^ 3P»i 
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HOriidet (pthicootoltiptt}, 

HutEEm, Tama, 14 
Kuxlqrj Thomat, 335, 15A 
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and then came man 


Hfcnu. 175 ^ 

Hymenoptcra. 176 
Hypohifpus. tS5 
H;^»cotkerium. *$» 


lo Ago, *1$: Permo-CtTboniferoui, 
U3-4. ‘SI**** *57» •7»J theorla of 
gfac&iioo. 144. »47-6'« *7^ Caiabrian. 
148; AmericaB fonm of horae dk «wt 
in, nonvencUture of min Klana- 
lioM. 175-6; MlUnkoHtch'i Radiation 
Curve uieory, m: true Icc Age men, 
tpo; Ice Age cultures, a^ SQ5- V >9 
Ue mUo PlciMocene Period 
Ichihyomis. igg 

hklhyouurut, i08-7O, 177, >80, 181. 

tot, 119; Plates 16. 19 
lehthyoMfa, 151-3 (Fig. ig), i4* 
IcHdosaurta. 170, 171 
Igneous rodU. u-7 
truanodon, 18^ (Pig- 90) 

Illinois. $58 
Ilm vaUe7. apt 

India; a primal eontJnciu, 90: flaela- 
Uoo, 144; bosaltk extrusive plateau 
of, 174; anthropoid apes. 160; Acheu- 
Han culture, 511 
Indian Ocean, 191, 173 
losectirora. ltd, tU 
Insccu; wingless (Ikvoriian), 133: Car¬ 
boniferous, 140: Permian. ^ 137: 
Iiiranic-Creuccoui, Tertiary. 

116. 117 (Hg. 99 )' *>«> **> 

Inatinct. 154 .... 

Intdligeace, in animal lungdom, i7i> 

lonfni^, 44-6 

Interior of the Earth. See Earth 

Iraq. i¥> 

Irdand. 140 
Iron, toe 
liostaiy, 61 
Italy, it8 
I’T* *75 


Java: early man, 181-9; Stone Age cul¬ 
ture, 3it 

avan mao. See PitheMnthropiu ereefuj 
' cans. Sir James. 79-80 
' cJIt 8ih, 113, 114 
unipers. 174 
upiter, 86-7 

' ura Mountains, 169.171. 180, 183, 19B, 

■'7 « . • 

Juraitk Period, 31, 84. 119. t6i. 184. 
•OS- •*>'• •*®* *•!' aid: and 

the Cretaceous Period, 171; etymolofy, 
tectonic developments, I79H* 

174-5; fauna, 175-9 
JurssBc Sea. 180 


Kanoaroo, tag 

Kansas. 180, 189, 184, 196. 199 
Kant, 11, dd. 79. Bo-I 
Kara-Bogaa-Col, 114 
Kenya, ids 
Kepler. 10 
Kessler Hole, 311 
Keuper Era, 158, 139, idt, 164 
Kilimaniaro, Mount, a7t 
King. William, 188 
King crab (fUmufui), us 
Klein, Prof. HerbcTt. sto 
Koala bear, tag 
Koch. Roben, 189 

Koeotgftrald, von (paiaeoniofogia), i8t. 
t8d 

Kohl-Larsen, Dr. Ludwig. i8<^ i8d 
Komodo dragon (Paranus Mmodoen- 
jti), tSt'S^lg. a8) 

Kronsdraai, 165 

Kuban region, Russia, 143 

La Qastide, Plate so 
LabfdoMurur. 135-0 
Labyrinthodonua, 155 
La Cbapelle, France, 191 
Lahn-Dill areas. Germany. 117 
La Madeleine, 31a 
Ijimarcli, Jean, aa, a?. 157 
Lamellibranchs. iia. 119. 'SI- 

LalSouthe (cave), 913 
Lamprey {Pttnmywn), iti 
Lancclct (dmp/uoxiu). lai-a 
Landslidea, 33 

Laplace, Pierre Simon de, 80-1 
Lartet, Edouard, 907, 3aa 
Laseaux, 31B; Platea 90. 91, s* 
LMtimerxM, 191 

Laurel, a 17 ^ 

Ijiureniia. primal continent, 90.11.1 id. 
115, >74 

Laurenuan Revolution, 89-90 
Lavas, gd. 57 

Lavmllouian culture, 911. 911 

Leaf-point culture, 319 

Ivcakey. Dr. L. S. B., ids-g. adg 

Lebmann, J. C., 19 

Lemmings, 173 

Lemurs, agd, igd-g 

Leonardo da Vinci, ai-a 

Le Page, Moro., aod 

Lepidodtndron, 139, tos; Plates 11, 13 

L^pidorirm, 130 . 

Les Combarelles (cave), sag-d; Plate a8 

Les Ryzies, 19^ .515-d 

*' Lettenkohle , lot 

Lias, 171 

Ubby, Prof., a95. 196 
Life, origin of. 94-3. gy-iod 
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Light: ip«cd ol, 63, as-O; Quantum 
uieory, ^ 

Lignin. itB 

Lignite (brown coal), at), tts 

LinscMonc. 36 

LimcsUmc Period, lu 

Linaionc Sea, Penman, isa-s. 159. a 14 

Linnaeus, a5>6, )0. 117 

Uoni, a75 

Liihificatton, 36 

Lithosphere, 30 

Lizaidi. iW-70. 190. 194, aoB-g, aig 

See a(M> Dinosaun, Pierosaun: Saurlani 

Llanus. a5Q. aei 

Lodi Nets Mooater ”, 170 

Loess. stB 

Loire, River, aia 

Lotus, a 18 


Lung-fishes (Dipnoi), 130 
Lye^^ir Carles, 3a, a7i, a88, 308 


M.31. 5 ee Andromeda galaxy 
Maastricht, i8i-t, 183 
M»cH 4 tTodtu, a48 
Afacreuchenia, ast 
Maao-molcculea, too, 101, 104 
Madagascar. 131, 190, aig. asg 
Magdalenian culture, 315. 3i9-aa (Fig- 
7 «). SS*. MS. SM. SS® 

Magical culu, in Ice Age caves. 3t9-S9 
Magma, 53-7. «i, 83. lay 
Magnolias, 175 
Makspan, afij} 

Malu, ai3 

Mammals: features of. found in Ther- 
apsida. i5®-7. 170, aoi; develop from 
reptiles, i7<^i, aoi, ai9: decline of, 
tt4; three stages of devdopment, 
at 4-4 

Mammoth. 074 (Fig. 63), 075 
Maple, 175 
Marble. 57 

Marine erosion, 94 ^ , 

Marine life: Cambrian, 108: Ordovi¬ 
cian and Silurian. ti6, 117, lao-i; 
Carboniferous, MS-g: Permian, 153-4: 
Triasaic, and the oceanic reptiles. 
160-t, i® 7 ^, 180-5; Jurassic-Crett- 
oeous, 173-8 
Maniiou. a75 
Mars, 30, 40. 10*. las 
Marsoufaa (cave), gag 
Marsupials, sag. aaft, agi 
Mas a Tierra, 301 

Mass and energy, equivalence of, 71-a. 
103 

Mastodons, a4a-3. a44, 845 (Jig. 5 < 9 . *<9 
Mutodot\tturui, 181, lu (Fig. ai), 184 
Matto Grotto, sty 


Mauritius, aao 
Maya people, gw 
Mayer, Prof., sm 
Mtg/tetrop*. ms 9 

Afegaceros euiyero n . 841 (Fig. 33) 
Megalithic cultures, 340 
.tfegoiosawrus, 193 
Meganeura, 140, 141 (Ftf. 17) 
Megdnthroptu ^riemut, aSy 
Mefanthrepiu ^l*eo)av»ninu. a8A 
Megatheria, agi 
Aftgalherium emertcunun. agi 
Moidel. Gregor, aa, gay 
Meryehippus, alia 
Mesohippus, »u> *8* (Fig- 49) 

Mcaolitnsc Period. 306, 337. 340 
Mesons, gy 
Mesopotamia, ao 
Afesosaurui, 138 

Meaotolc Era, ga, 84. 153. 158,175. 179. 

aoo, aio, aag, tti 
Metamorphic rocaa, 57 
Meteors, meteorites. 34, 89. 41. 78. 107 
Mice, t59 

Michelson, A. A., 95-6 
Migrations of animals, ags. 149. ayg, 339 
Mliankovitch. M., tyj 
Milky Way (Galaxy). 64-3. 108. 149. 
Plate 4 

Millipedca, t4a 
Mindel glaciation, ayfi 
Minerals, of Tertiary Period, a 13-14 
Mining, early Stone Age. at 
Miocene Period, aio.14, ai8, an, agg'S. 
899 - 48 . 845 . * 47 * » 5 ®. *SS' *®®* 
tog, a68 
MioAippui, tt4 
Miasistippi, River. 35. 48 
Moa (Dtnomii), aao (Fig. 41) 

Moocatam Mountaiiu, 30 
Moerithfriym, *4$ 

Mohole. w 

MohorodCif diacondnuity. 54-3 
Mole, aa8 

Molluaca. 96, 108. 160, 178 
Moloch. iQO 
Mongol tiibea, 938 

Mongolia, fauna of, 190, 194. 819. at?. 

*S®. *S 7 . * 4 ® 

Monkeys, ago 

Monopnyllitsdae. 181 

Monouemaia. See Duck-billed platypua 

Montaiu, 19a 

Montmanre. asg 

Mortillet. Gabriel de, 306 

Momieurus, 181 (Fig. ay). 18a. aoy, at8; 

Plate iB M 

Mountains, formation of, 57-81 (Fig. 8). 
89. 115-16, 173. 174. tog. iio-si, aig. 
»‘S 
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Mouiterian culture, jo'll (^^K- 

Mwl^hippen, 154 
Hudfiih, 1)0 

Multituberculiu, taj, *16 
Mu-moom. 64 

MurchUon. Sir Roderick, 151 
Muidvdkalk In. 15S, 159, lOo, 117 
MuKhelkalk Sea, in 
Musk-ox, t75 

Muiatiom, lOi-Si 105, 155. t$o-t, i $7 
Af7<ioiloii, aji 


NxKBUS, <10 

Nappe*. 5 «e Omfold mountain* 
NaiTOw-noaed (caurrhine) monkey*, 159 
Natural tdection, ajo, tji, *58 
Neanderthal roan (Homo nUnwrthoh 
tntUi. »85-9s (Fto. 66, 67>. agB, joo, 
•06, Ii*-i 7 . S**!^!***** 

NMHrasaa, ajt> MS 
Neoltihic P^od, )o6. SS 7 > S 4 o 
Neptunisa, *4, ty, jt 
Neutrons. 75, 98 

New Red ^mbtone, 15a. 158, 159, 17s 
New Zealand; fauna, 169, iSj, aao: 

Aon, tjy. gladaiion, aya 
Newton, Isaac, ao 
Newts, aai 
Niaux Cave, 3x9 
Nile core, 91 
Sipo palms, a 18 
Nolde. Frau Dae von, f06 
North Africa, a4a, 300 
North America: a primal oontliseot, 00; 
fauna, 114, laj, 161, 179, 180, 187, 
188, 190, 19*, 197, 199, **7. «S6« Ml- 
9, a47-9, aji, a9B-9: mountain build- 
ing. 115, lay, 1)6, an: land connec¬ 
tion with South America, laj, an, 
ajo, *9*. ajgi: Bora, 179: cradle of the 
^ul(»e, aji-j, aja, a49; glaciation, 
aya; loea area, a^; Stone Age cul¬ 
ture*. 998, JM 

North Sea, 33 (Fig. 1), 47, an, ay* 
Northern Europe, a pnmal continent, 
‘74 

Nothommu, 167 
Notochord, la* 

A'oloAipOui, *90 
Nummuntci, aia 


Oax, 179, a 18 
Obi Sea, 137 

Ocean*. See Sea* and ocean* 
Octopus, 161 
Oil, *13-14 

Old Red conunent, 1x9. 1*6. 130 
Olduval gorge, *69, *94 
Olduvai man, *94-9 


CAME MAN 

Oligocene Period, aio, an, aij, lay. 
ax8, *39. * 34 - ‘S®- »S 7 . * 39 . »■!". » 4 *. 
*46. *99 ^ 

Olivine, m, 56 

Oolitic limestones. Upper Juniaic. 
> 7*3 

Opoenim. **9 
Orang-utan. 160, *tM> 

Orbitolites, att 
Ordovician Period, 84. 119-18 
Orfopithetui, *63 
Omithiachia, 186 
OmithoUstet, 193. 195 (Fig. 94) 
Ornithosuehut, liU 
Osicichlhyes. See Bony iUhe* 

Ostriches, a 19 

Ovcrfold roounuitu (or Nappe*). 99 
Dviraptor, 194, aoi 
Owen, Sir Richard. 108 
Oxygen, formation of. 109-10 


PAcitic Ocean, jO. no. in. 1x9 
Palr-non-Pair (cave). 3*9 
PalaeoMOgraphy, na 
PalacoiichTc Period, )o6, 910, 911, mo: 

Upper Palaeolithic cultures, 315^ 
Palo«omMto<lon, *4* 

Polatotcineus, 190; Plate xo 
Pataeotherium. *6, 1^. *39 
Palaeoeoic Era, 3a, 84, 91. 108. 19*. 
aio 

Palacotoic-Metotoic Era, 160 
Palestine. 31 >• SM 
Palikao, Alg^a, *86 
Palmetto Uuckeu. aiy 
Palms. 175. aiy 

Panama land-bridgc. ago, aga, *99 
Pandanut trea, a 18 
Parahipput. *94 
Paranlhropur, *69. t8o 
Parapithectu, *99^ 

Parasaurolopftut, 188; Plate ao 
Patagonia, ago 
Pccoariet. *41 

Peking man. See Sinanihropiu pekinen- 
*ii 

Perma frost, ayS 

Permian Period, 91. 84, 119. ti8. 163. 
169,169.179. *01, tie. *80; etymology. 
31: land uplift ana the Limettone 
S«, iga-s: llora. 193: fauna, and pro¬ 
totype* oc mammal*, iga-y 
Perroocarboniferous Period, p 
Perthes, Jacques Boucher de, 907. 908, 


S»» 3 

Phalanger, atg 

Philippinia. a primal continent, 90, in 
Phiomla, *4* 

PherorHaeot m/taltu, a 18 (Fig. «) 
Photo-disaoclaijon. See Diaaociatlon 
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Photomphy, in •stroaony. 67 
Pin. Se« Swine 

Plluiown nun (Eoanlltrnpuj dMuoniO. 
*94 

Pino, 150 

Pith*caninTx>pm treclut, iSi**. 185. aSy. 

a8« (Fig. ^). j06 
Pilneeant/iroput ro^iutiu. 

Piacenulia, aa5, ta6, a^ 

Placodus, 167 
Planck, Max, ^ 

Plane tree. 11 j 


Planeu; origin. 39, 5a, 78-81: phytiul 
ailributea, 39; question of life on, 
105-8 

See afro Earth; Jupiter; Man; Venus 
Piankton, ai3-i4 
PlsleoMurus, 183-5 (Fig. aa) 

Piato, 17, a3 

PtotyModon. $4i. (Fig. 55) 
Plciitocene Penod, 84, 119, 110, a45. 
*48< 8 * 5 : if* ic* f44> H?' •-P* 
150. 157, an, a70-9; brok and res¬ 
toration ol land connection. N. and 
S. Anserica, an, t5o; emeigence of 
nan, a65. aSo, a84, aSy, a9S-4, 303. 
3 o 9 - S '9 
Plesimtinroptu, * 0 ^ 

PlesioMurui, 187, 180. 181: Plate 19 
Pliocene Period, aio, aia, aig, tjs> iJ8> 
am, a4i-3, 148, asi. ass, *w. aSi, 
sea, aOs, ayo, a74, aSy, 308 
PlioSiMiu, t35, aSa 
Pluionwn. ti-5, t8. ta 
Poles, migration of the. 147 
Poplar. 175 

Poro, dcrclopmcnt of, in plants, lay 

Porphyriites, tot 

Portland atone, 173 

Posidonia, 180 

Poaiirons. 98 

Potaasium-argon method of dating, 
a97-8. 304 

Primal contlnenti. 89-90, no; Contin* 
enui Drift The^. 14^ 

Primal nebula theory, 79 
Primates, tifi 
Proboscidca. t4i-8, a54 
Proconsul, a83, a 08 , aBo 
Productua, 143, 154 
Prong-homea anttiope. asq 
Propliopithecus, a59^ 

Protocerolopt. 189^, 194 
ProtonirhsM, 185 
Prototoa, 143, aia, ai4. as4 


Protylopiu, a«9 
Pruner-Bey, Dr.. sBS 
Pseudosuenia, 184 

Psilophytes. ny, lat. 07-9 (Fig- 14); 
Plate n 


Pterortodon, 196, 197 (Fig. 93). ao3, 304; 
Plate 19 

PUriehthy*. tag (Fig. la) 

Pterodactylus, 194-8: Plate ta 
Pterouun (flying rcpiito), 196-9 
Pyrenco, 59, a 10 
P^otherium, aso 

Quaktum theory, 98 

Quarta-porphynr, isa 

Quaternary Period, aio, an, ayo, a8o ■ 

fUooooN meteor crater, Plate 7 
Races of mankind, early diriuon of. a^5 
Radiation. See Ultra-radiation 
Radiation, Stefan-Boftnnana Law of, 
81 
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